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THE IDENTIFICATION OF THE 
ERYTHRO- AND THRE0-2 ,3 -D IPHENYL-2-BUTANOLS
PART I 
INTRODUCTION
The W it t ig  rearrangement (I)  of bIS '^-methylbenzyl  e th e r  pro­
duces two d ia s t e r e o m e r ic  2 ,3 -d iphenyl-2-bu tano l  s which mel t  a t  65°  and 
85° .  To study th e  s t e r i c  course  of t h i s  rearrangement,  a knowledge o f  
the  c o n f ig u r a t io n s  o f  th e se  a lcoho ls  was necessary .  The p resen t  work 
was undertaken to e s t a b l i s h  the  e ry th ro - and th re o -  c o n f ig u ra t io n s  of 
th e se  a l c o h o l s .
An i n t e r e s t i n g  s ide  reac t ion  involving the abnormally f a c i l e  
deboronation  o f  two d ia s t e r e o m e r ic  benzyl boranes is  desc r ibed .
PART I 
DISCUSSION
Confiqura t ions  o f  the  Diaste reomeric
2.3-D iphenyl-2-Butanols
The e ry th ro  and th reo  c o n f ig u ra t io n s  were a ss igned  by means o f  
t h r e e  s t e r e o s p e c i f i c  sy n th ese s .  The asymmetric induc t ion  r u l e ,  as  i t  
a p p l i e s  t o  ketones ,  hydrogenolys is  of  o x i r a n e s ,  and the  method o f  hydro- 
bo ra t io n ,  followed by o x id a t io n ,  were employed to  give t h r e e  independent 
s t r u c t u r e  p roofs  fo r  each isomer.
The f i r s t  assignment o f  c o n f ig u ra t io n  involves  a p p l i c a t i o n  o f  
th e  "Rule o f  Asymmetric In d u c t io n ."  ( 2 , 3 , 4 ) .  R esu l t s  o f  the  work done 
by Cram and h i s  coworkers (2 ) ,  us ing a d d i t i o n  r e a c t io n s  o f  organo-  
m e t a l l i c s  to  va r ious  ketones can be summarized by the  fo l lowing  s ta tement:  
"React ions  involving the a d d i t i o n  o f  an o rgano-m eta l1ic to  a carbonyl 
ad jacent  to  an asymmetric c e n te r  w i l l  form, predominantly,  t h e  d i a s t e r ­
eomer which r e s u l t s  from approach of  the  incoming group from the  l e a s t  
hindered s id e ,  when the ketone assumes th e  most s t a b l e  conformat ion ."
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The system shown above, Is drawn in i t s  most s t a b l e  conformation when 
th e  ca rbony l ,  complexed with  the o rg an o -m e ta l l i e ,  has the  g r e a t e s t  s t e r i c  
requirement and is  sm al le r  than R^. Thus, th e  incoming group a t t a c k s  
from the  s id e  occupied by the  hydrogen. The c o n f i g u r a t i o n s  o f  t h i r t y - s i x  
compounds were p re d i c t e d  and c o r r e l a t e d  through a p p l i c a t i o n  of  t h i s  meth­
od .
Th i s  t r e a tm en t  can be extended to  the  r e a c t io n  o f  methyldeoxy- 
benzoin and methyl-Grignard  by d ep ic t in g  the  most s t a b l e  conformation o f  
the. ketone a s  t h a t  having the  carbonyl f lanked by methyl and hydrogen 
groups o f  th e  a d ja c e n t  carbon. I t  is  then p o s s ib le  to p r e d i c t  a predom­
inance of  t h r e o  a lcohol through a t t a c k  of the  methyl group from the s id e  
occupied by hydrogen.
I
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When the  r e a c t i o n  was c a r r i e d  out and the  e r y t h r o - th re o  comp­
o s i t i o n  determined by chromatographic  s ep a ra t io n ,  the  isomer mel t ing  a t  
65°  was ob ta ined  in a th r e e f o ld  excess  over the  isomer melting a t  85° .  
Thus, the  induction ru le  in d ic a te s  the  lower melt ing  isomer to be t h r e o - 
and the  higher melt ing  isomer to be e r y th r o - 2 ,3 - d i p h e n y l - 2 - b u t a n o l .
The second s y n t h e t i c  approach to these  a lcoho l s  u t i l i z e d  the 
s t e r e o - s p e c i f i c  hydrogenolys is  of  ox i ran es .  Unpublished r e s u l t s  ob­
ta in ed  in these  l a b o r a t o r i e s ,  show t h a t  a ry l -1 ,2 - e p o x id e s ,  when hydro­
genated with pa l lad ium-charcoa l  c a t a l y s t  a t  moderate hydrogen p r e s s u r e s ,  
open with invers ion  o f  c o n f ig u ra t io n  a t  one o f  the carbon atoms to  give 
-pheny le thano ls  as p ro d u c ts .  For example, hydrogenation of  o p t i c a l l y  
a c t i v e  2-phenyl propylene oxide ,  with  20-30 pounds p re s su re ,  gave o p t i c ­
a l l y  a c t i v e  2-pheny1propanol in which the benzyl carbon had been in­
v e r t e d .  Furthermore,  l-pheny1cyclohexene oxide ,  under the  same r e a c t io n  
co n d i t io n s ,  gave c j_s-2-phenylcyclohexanol. The formation of the  c i s - 
s t r u c t u r e  could have occurred  only by invers ion of the  benzyl carbon.  
These two convers ions  can be seen in the  following i l l u s t r a t i o n s .
A
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This  informat ion makes i t  poss ib le  to p r e d i c t  the  c o n f ig u ra ­
t i o n  o f  the  products  from the hydrogenolysis  of c i s - and t r a n s -C&d^ -
dimethyl S t i 1 bene ox ides .  The i d e n t i t i e s  o f  the c i s - and t r a n s - dimethyl- 
s t i l b e n e s  a re  based on the  isomeriza t ion  o f  o l e f i n  melting  a t  65° to the  
one melt ing  a t  105° through trea tment  with sodium amide (5 ) ,  which rep re ­
sen ts  th e  isom er iza t ion  o f  the c i s  to the  more favored t r a n s  o l e f i n .  
Fur ther evidence fo r  the o l e f i n  s t r u c tu r e s  is  given by the palladium 
charcoal hydrogenation of  the  t r a n s  o l e f i n  to  d 1 - 2 ,3-diphenyl butane,  and 
c i s  o l e f i n  to  meso-bu tane  (6) ,  This hydrogenat ion is  known to occur with 
c i s  a d d i t i o n  o f  hydrogen (7) .  F in a l ly ,  having the  more symmetrical t r a n s 
as the h igher  melt ing  isomer is  c o n s i s t e n t  with the  s t r u c t u r a l  ass ign­
ments .
The p e r - a c i d  epoxidat ion  of  o l e f i n s  occurs  through c i s  additinr» 
o f  oxygen ac ro ss  the  double bond (8 ,9 ,1 0 ) ,  so t h a t  the perbenzolc  epoxi­
da t ion  o f  the  c i s -  and t r a n s - butenes can be depended upon to  give the 
corresponding c i s -  and t r a n s - oxides .  With the  s t r u c t u r e  of  s t a r t i n g  
compounds and the  s t e r i c  path of  the r e a c t io n  known, i t  is  poss ib le  to 
p re d i c t  t h a t  the  t ran s -o ( ,o ( -d im e th y ls t i  1 bene oxide  should give the  e r y th -  
ro- and the  c i s -bu tene  oxide the  th reo - 2 ,3 - d ip h en y 1 - 2 -b u ta n o l . These re ­
ac t io n  courses  may be I l l u s t r a t e d  in the  fo llowing manner.
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6The _trans-oCo('-dimethyl St il bene oxide ,  upon hydrogenation on 
palladium charcoal in e thanol a t  25 pounds p re s su re ,  gave a high y ie ld  
of the  a lcohol m el t ing  a t  85° ,  and the  c i s - oxide ,  under the  same condi­
t i o n s ,  gave a high y i e l d  o f  the  65°  isomer.  Once more i t  is  ev iden t  t h a t  
the  a lcohol melt ing  a t  65°  is  the  t h r e o - and t h a t  m e l t ing  a t  85°  i s  the  
e ry th ro -  b u t a n o l .
The t h i r d  s t e r e o s p e c i f i c  s y n th e t i c  route  t o  the  a lcoho ls  
employed th e  hydrobora t ion  technique developed by Brown (11).  The hy- 
drobora t ion  r e a c t io n  with  subsequent o x id a t io n ,  i s  known to  produce an 
alcohol by the  an ti -Markownikoff , c i s -  hydra t ion  of  an o l e f i n i c  l inkage .  
The s te r eo ch em is t ry  i s  shown by conver t ing  1-m ethy lcyc lopentene ,  and 1- 
méthylcyclohexene, in high y i e l d s ,  to  J t rans-2-methy lcyclopentanol and 
t r ans -2 -m e thy lcyc lohexano l ,  r e s p e c t iv e ly  (12) .
Fur ther i l l u s t r a t i o n  i s  given by the  convers ion  o f  t r a n s -2 -p -a n i sy l - 2 -
/
butene to erythro-3 - P -a n i sy l - 2 -b u ta n o l . and o f  the c i s -  isomer to  the 
th reo -  butanol (13)-
OH H
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7The r e a c t io n  can be descr ibed  as th e  c i s - a d d i t i o n  of  borine  
(BHg)^ a c r o s s  the  double bond to produce mono-, d i - ,  or t r i -  a lk y lb o r ­
anes ,  depending upon the  hindrance o f  the  o l e f i n .  T e t ra  s u b s t i t u t e d  
o l e f i n s  have been shown to give  monoalkylboranes (14 ,15) .  The borane 
is  hydrolyzed in a l k a l i n e  medium, then ox id ized  by hydrogen perox ide  
to  the  b o r a t e ,  which rap id ly  hydrolyzes  to  an a lcohol and bor ic  ac id .
Turning again  to the  c i s - and t r a n s -ç ^ n f - d im e th y l s t i l b e n e s ,  
i t  is  p o s s i b l e  to  p r e d i c t  the sy n th e s i s  o f  _ th£eo-2 ,3 -d iphenyl-2-bu ta-  
nol from th e  t r a n s - ,  and e r y th ro -  butanol from the c i s - dimethy1s t i 1- 
bene when the  hydroboration procedure is  app l ied  to  th e se  o l e f i n s .
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1. Borine does not e x i s t  u n d i s so c ia t e d .  However, t h e r e  is  good e v i ­
dence t h a t  i t  i s  e f f e c t i v e l y  the a t t a c k i n g  sp ec ie s  in the  hydro­
b o ra t io n  r e a c t io n  (14 ,16) .
8The h y d robora t ions ,  both In s i t u  and ex s i t u , (14,17) were e f ­
fec ted  with  severa l  systems (18) of  reagen ts  and s o lv e n t s .  Using aluminum 
c h lo r id e ,  boron t r i f l u o r i d e  e t h e r a t e ,  in d ie th y l  e t h e r ,  with the t r a n s - 
o l e f i n ,  followed by a l k a l i n e  hydrogen peroxide  o x id a t io n ,  a 65% y ie ld  of 
the  isomer melt ing  a t  65°  was ob ta in ed .  However, th e  c i s -  o l e f in ,  under 
the  same c o n d i t i o n s ,  f a i l e d  completely to  give  hydroxyl ic  products,  but 
in s tead ,  gave a s a t u r a t e d  butane formed by the a l k a l i n e  promoted dea l ­
kyl a t  ion o f  the ci s -  adduct.  This  dealkyl a t  ion w i l l  be discussed  in 
d e t a i l  l a t e r  in t h i s  s e c t io n .  Attempts to o x id iz e  the  e ry th ro -  borane 
with  hydrogen peroxide  in a l k a l i n e  s o lu t io n  a t  0° and room temperature 
f a i l e d  to  give more than t r a c e s  o f  the  d e s i r ed  e r y t h r o -  a lcohol .  Since 
hydrogen peroxide  o x id iz e s  organoboranes only in a l k a l i n e  medium, the 
a l t e r n a t i v e  of a u to x id a t io n  (19,20,21,22) was examined. By passing 
a  stream o f  dry a i r  through a s o lu t io n  o f  the  borane ,  a t  -80°,  a 23% 
y i e l d  of  the  a lcohol melt ing  a t  85°  was o b ta in e d .  Several at tempts 
t o  produce t h i s  a lcohol in h igher  y ie ld  through the  use o f  a i r  and 
oxygen a t  -80°  and room temperature  were not s u c c e s s f u l .
The 85°  a lcohol was syn thes ized  by a u to x id a t io n  only in the 
case  c i t e d  above. Since the  s t e r e o s p e c i f i c i t y  o f  th e  au tox ida t ion  
r e a c t io n  has not been e s t a b l i s h e d  before  now, t h i s  r e a c t io n  sequence 
with  the e r y t h r o -  borane does not c o n s t i t u t e  a s t r u c t u r e  proof.  How­
e v e r ,  in view o f  the  f a c t  th a t  S^ r e a c t io n s  (23,24) a re  of ten  s t e r e o -  
s p e c i f i c ,  i t  is  not u n u s u a l . t h a t  the  85°  a lcohol was produced with  
ex c lu s io n  o f  th e  65°  isomer.  The a u to x id a t io n  o f  th e  e ry th ro -  borane 
t o  the  e r y th r o -  a lcohol does supplement the  s t r u c t u r a l  assignments 
o f  the  a lco h o l s  from the hydroboration procedure.
9These th re e  s t e r e o - s e l e c t i v e  syn theses ,  any one o f  which would 
s u f f i c e  in e s t a b l i s h i n g  the r e l a t i v e  c o n f ig u r a t io n s ,  show co n c lu s iv e ly  
t h a t  the  th r e o -  is  the  alcohol which mel ts  a t  65°, and the e ry th ro  i s  
the  alcohol which melts  a t  85° .
D ealky la t ion  o f  Threo- and Erythro-
2 , 3-Di phenyl-2-Butylboranes
In the. d i s c u s s io n  of  the  sy n th es i s  of  2 ,3 -d ipheny l -2 -bu tano l  
by means o f  the hydrobora t ion  sequence,  i t  was mentioned th a t  a hydro­
carbon was produced in p lace  o f  the  expected a lcoho l .  The occurrence 
o f  t h i s  hydrocarbon s t im u la ted  an in v e s t ig a t io n  which led to  the  d i s ­
c lo su r e  of severa l  i n t e r e s t i n g  phenomena.
I d e n t i f i c a t i o n  o f  the  hydrocarbon as meso- 2 , 3-d i phenyl bu tane , 
immediately showed t h a t  t h i s  product was the r e s y l t  o f  an o v e ra l l  c i s - 
a d d i t i o n  o f  hydrogen to  th e  s t a r t i n g  m a te r i a l ,  c i s - d i m e t h y l s t i 1 bene. 
Production o f  t h i s  hydrocarbon was shown to be independent of hydrogen 
peroxide  by e f f e c t i n g  t h e  re a c t io n  in s u b s ta n t i a l  y i e l d  with  d i l u t e  
sodium hydroxide a lone .  Water or d i l u t e  a ce t i c  ac id  a t  room temperature  
would not cause t h i s  d e a l k y l a t i o n .  Since an organo-borane must have 
been produced under the  co n d i t io n s  of the hydroborat ion r e a c t io n ,  e v i ­
denced by a i r  o x id a t io n  o f  t h i s  borane to  the bu tano l ,  the  hydrocarbon 
must have b een . the  product of  the  d ea lky la t ion  o f  t h i s  borane.  Knowing 
t h a t  borine added c i s  t o  the  double bond, then t h i s  d e a l k y l a t i o n  can be 
s a id  to have occurred by e i t h e r  o f  two mechanisms; the  f r o n t s i d e  rep lace ­
ment of  boron by hydrogen, or the  l e s s  probable s i t u a t i o n  of  hydrogen 
a d d i t i o n  to  an e q u i l i b r a t i n g  in te rm ed ia te  which would produce th e  more 
s t a b l e  of the  two p o s s i b l e  isomers.  In order  to  show t h a t  the  r e a c t io n  
was not occu r r ing  by t h i s  l a t t e r  mechanism, th re o - 2 ,3 - d ip h e n y l - 2 - b u ty l -  
borane was dea lk y la ted  by s t i r r i n g  with  d i l u t e  sodium hydroxide fo r
1 0
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severa l  hours  a t  room temperature  to give d l - 2 , 3-diphenyl butane in 70% 
y i e l d .  Comparison o f  both hydrocarbons with the  corresponding pure,  
a u t h e n t i c ,  hydrocarbons (6 ,25 ) ,  showed the  meso-  butane to be produced 
with 100% s t e r e o s e l e c t i v i t y ,  and the  d l -  butane to be produced with 
g r e a t e r  than 95% s t e r e o s e l e c t i v i t y .  The courses  of these  s te r eo sp e ­
c i f  ic d e a lk y l a t i o n s  can be seen in the  fo l lowing i l l u s t r a t i o n .
BHg Ph H Ph
^  ^  ‘y -----------------
’n ^e  Ph ^Me
Me Me M e J \
PhC=CPh BH, ^ OH _ 7
ci s e ry th ro  meso
BHo Ph H Ph
l"_________________________ _^___ A  ' 0  Ph \  /
PhC=CPh ^  ^ OH__ ^  y ------------------
Me Me Me Me \4e
t r a n s  threo  dl
Another i n t e r e s t i n g  f a c e t  o f  th e se  dealkyiat; ions  is  the  extreme 
r e a c t i v i t y  o f  these  boranes.  That both boranes d e a lk y la te  re a d i ly  a t  
room temperature  when reac ted  with d i l u t e  base ,  shows the boron-carbon 
l inkage to be much more e a s i l y  broken than those  o f  most organo-boron 
systems. Some examples o f  the  c o n d i t io n s  necessary  to  e f f e c t  t h i s
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r e a c t io n  în va r ious  systems w i l l  appear  s h o r t l y .  Fu r th e r ,  the e r y th r o -  
I s o m e r . a s  p rev io u s ly  de sc r ib ed ,  d ea lky la ted  so r e a d i ly  t h a t  ox ida t ion  
was not p o s s ib l e .  With the  exception o f  one example, In which cyclo- 
pentadiene was found to  give a 3 -  4% y i e l d  of cyclopentanol In add i t io n  
to  the  expected homoallyl alcohol (26),  the re  a re  no examples in the l i t ­
e r a t u r e  o f  d e a lk y l a t i o n  occur r ing  during the  ox id a t io n  s tep  o f  the  hydro­
bora t ion  rou te  t o  an a lcoho l ,  In view o f  t h i s  f a c t ,  the  d e a lk y la t io n  of 
the  e r y t h r o -  Isomer Is seen to  be e x c e p t io n a l ly  f a c i l e .
Since th e  r e a c t i v i t y  o f  these  two boranes must depend upon the 
s t r u c t u r e  o f  the o rgan ic  p o r t io n  of  the molecule. I t  would be d e s i r a b le  
t o  know what e f f e c t  s t r u c t u r e  can have on the  r a t e s  o f  d e a lk y la t io n  In 
systems o th e r  than  the benzyl system encountered he re .  F i r s t  I t  Is 
necessary  to  d e sc r ib e  the  in te rm ed ia te  which undergoes d e a lk y la t io n  in 
t h i s  system. I t  is  reasonable  to  assume t h a t  the  monobenzylboranes, 
der ived  from the  c i s -  and t r a n s - o l e f i n s ,  undergo the  usual metal hydride 
hy d ro ly s i s  with  water to  form 2 ,3-d lphenylbu tane  boronic  ac id s  o r  d e r iv a ­
t i v e s  of  th e se  a c i d s .  Attempts to  I s o l a t e  these  a c id s  by h y d ro ly s i s  of  
the  borane f a i l e d  to  give p roducts  which could be recognized as d i s t i n c t  
chemical in d iv id u a l s .  Since t h e r e  are  no examples In the  l i t e r a t u r e  o f  
the  h y d ro ly s i s  o f  a monoalkyl borane d i r e c t l y  to  a boronic  a c id ,  it. is 
p o s s ib le  t h a t  such a t tem p ts  lead to  a polymeric boronic  anhydride ra th e r  
than the f r e e  a c id .  For purposes  o f  convenience,  however, these  I n te r ­
media tes  w i l l  be r e f e r r e d  to  as  simple ac id s  s ince  s u b s t i t u e n t s  o the r  
than hydroxyl in no way change the  i n t e r p r e t a t i o n  of  th e  r e a c t i v i t y  of 
the  boronic  f u n c t io n .  A s e r i e s  o f  boronic  ac id  d e a lk y l a t I o n s  can now 
be given in which the c o r r e l a t i o n  of  s t r u c t u r e  and r e a c t i v i t y  is  poss ib le ,
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D îbu ty lace ty leneborona te  was shown to  give ace ty lene  on b r i e f  
t rea tment  with  d i l u t e  sodium b ica rbona te  (27),  and o(- to luene ,  and 2- 
thiopheneboronic  ac ids  were found to  produce to luene  and thiophene, 
r e s p e c t iv e ly ,  with hot aqueous sodium hydroxide (28) .  in c o n t ra s t ,
1-butane-  (29) ,  and benzene- (30) boronic  ac ids  gave only t r a c e s  of the 
corresponding hydrocarbons a f t e r  potass ium hydroxide fu s io n .  This 
s e r i e s  o f  r e a c t io n s  in d ic a te s  a c o r r e l a t i o n  o f  d e a lk y la t io n  ease with 
the  a b i l i t y  o f  the  o rg an ic  re s idue  to s u s ta in  a nega t ive  charge.  Thus, 
the e th y n y l , benzyl ,  and 2-thenyl d e r i v a t i v e s ,  with  s t r u c t u r e s  which 
allow s t a b i l i z a t i o n  of  an anion, undergo f a c i l e  deboronat ions ,  while 
the  phenyl and butyl d e r i v a t i v e s ,  w i th  no s t a b i l i z a t i o n  a b i l i t y ,  debor- 
onate  with d i f f i c u l t y .  The boronic  a c id s  s tud ied  in t h i s  work are seen 
to have r e a c t i v i t i e s  comparable with  ace ty lene  borona te  and the  toluene 
boronic  ac id .
A t h i r d  phenomenon observed in the  d e a lk y l a t i o n  of these iso­
meric boranes is  the  d i f f e r e n c e  in r e a c t io n  r a t e  of  the  e r y t h r o -  and 
th re o - isomers.  The product ion  o f  the  hydrocarbon from the e ry th ro -  
borane under th e  same c o n d i t io n s  which gave alcohol from the threo- 
borane i l l u s t r a t e s  t h a t  the  e r y t h r o -  d e a lk y la ted  much f a s t e r  than the 
t h r e o -  isomer. Since the  carbon bear ing  the  boron func t ion  has id e n t i ­
cal  s u b s t i t u t i o n  in both isomers, t h i s  d i f f e r e n c e  in r e ac t io n  ra te s  is  
most reasonably exp la ined  in terms o f  conformational e f f e c t s  exer ted  in 
the  t r a n s i t i o n  s t a t e  of  the  boron -  carbon f i s s i o n .  The mechanism for 
t h i s  f i s s i o n  can be desc r ibed  as the  a t t a c k  o f  hydroxide on the  e lec t ron  
d e f i c i e n t  boron atom, followed by a 1 ,3- s h i f t  (31) of the  2 ,3-d iphenyl-
2-butyl group from boron to hydrogen.
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I t  Is  In the  a lky l  -  hydrogen s h i f t  shown in I I '  t h a t  the  anion s t a b i l i t y  
w i l l  a f f e c t  the r a t e  o f  r e a c t io n .  The manner in which the conformation 
of  the  t r a n s i t i o n  s t a t e s  and t h i s  anion s t a b i l i z a t i o n  are  r e l a t e d  i s  
descr ibed  as  fo l lows .  The boron moiety,  when complexed by so lv en t ,  or 
e x i s t i n g  as a s u b s t i t u t e d  boronic  a c id ,  fo r  in s tance ,  an anhydride of
I
the  type R -  0 - B -  0 - B - ,  wi l l  have a g r e a t e r  s t e r i c  requirement  than 
OH
phenyl o r  methyl groups and, t h e r e f o r e ,  fo rce  the  boronic  ac id  in to  the 
fo llowing conformation by occupying the  p o s i t i o n  between hydrogen and 
the methyl group.
©  ©
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Carbon -  boron bond breakage,  with  carbanion development a t  Cg wi l l  fo rce  
p l a n a r i t y  o f  the  Cg phenyl and methyl groups If  the  charge Is s t a b i l i z e d
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through resonance.  This  p l a n a r i t y  must be approached before  quinoid 
type  c o n t r i b u t i o n s  from the  phenyl group can ope ra te  in t h i s  s t a b i l i z a ­
t i o n .
Thus, th e  Cg phenyl must approach a methyl in IE' a ,  as  compared to  
the  e n e r g e t i c a l l y  much more favorab le  s i t u a t i o n  o f  I t s  approach to  a 
C, hydrogen in I I '  b. Hence, the re  wi l l  be l e s s  anion s t a b i l i z a t i o n ,  
or  h ig h e r  a c t i v a t i o n  energy in the  th r e o -  isomer and, t h e r e f o r e ,  slow­
e r  r e a c t i o n .
PART
SUMMARY
The i d e n t i f i c a t i o n  of  th e  e r y t h r o - and th reo-2s>diphenyl-2 -  
bu tano ls  was accomplished by means of  th r e e  s t e r e o s e l e c t i v e  s y n th e t i c  
pathways. The use o f  the  "Rule o f  Asymmetric Induction" to  p r e d ic t  a 
predominance o f  one of  the  two poss ib le  isomeric a lco h o l s  from the  re ­
ac t io n  o f  a Grignard  reagent with  a ketone; the  use of the  s t e r e o s p e c i f i c  
hydrogenolys is  of  epoxides;  and the  s t e r e o s p e c i f i c  hydra t ion  of o l e f i n s  
by means of  hydrobora t ion ,  in d ic a te  t h a t  the  e r y t h r o - isomer is  i d e n t i ­
f i e d  by the m el t ing  poin t  o f  85° ,  and the  th r e o -  isomer is  i d e n t i f i e d  
by the  melt ing  p o in t  o f  65° .
The study of  the  d e a lk y la t io n s  observed in the  e r y th r o - and 
th re o -  2 ,3 -d ip h en y l -2 -b u ty lb o ran e  system can be summarized as fo l lows .  
These r e a c t i o n s  r e p re se n t  the  f i r s t  example o f  a s t e r e o s p e c i f i c  d e a lk y l ­
a t io n  o f  an organo-borane .  The hydrocarbon product is  the  r e s u l t  o f  a 
c i s -  a d d i t i o n  o f  hydrogen to  the  double bond o f  the  o l e f i n .  Fur the r ­
more, these  r e a c t i o n s  r e p re se n t  the  f i r s t  i l l u s t r a t i o n  o f  d e a lk y la t io n  
s e r i o u s l y  competing with o x id a t io n  in the  hydroboration procedure fo r  
a lcohol s y n th e s i s .  F in a l ly ,  the  s i g n i f i c a n t l y  f a s t e r  d e a lk y la t io n  of  
the  e r y t h r o -  borane compared to  the  t h re o -  borane,  is  i n t e r p r e t e d  as a 
conformationa l e f f e c t  e x e r t e d ,  in the  t r a n s i t i o n  s t a t e  o f  the  dea lk y la -
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t i o n ,  to s t a b i l i z e  t h e  i n c ip i e n t  anion which r e s u l t s  form the  carbon - 
boron.bond f i s s i o n .
PART I 
EXPERIMENTAL
d  -Hethy1deoxybenzo i n . — C r y s t a l l i n e  deoxybenzoln (32) (13.1
g ., .0668 mole) m.p. 56-57 ,  was added to  sodium amide , p repared  (33) 
from 1,53 g . ( .0675 g.  atom) sodium, in 250 ml. o f  l i q u id  ammonia. A f te r  
s t i r r i n g  f i v e  minutes,  9 .47  g . ( .0666 mole) of  methyl iodide in 10 ml. 
o f  e t h e r  was r a p id ly  added to  the  green s o l u t i o n .  An a d d i t i o n a l  100 ml. 
o f  e t h e r  was added t o  d i s so lv e  p r e c i p i t a t e d  s o l i d s ,  and th e  r e s u l t i n g  
s o l u t i o n  was s t i r r e d  t h i r t y  minutes.  The ammonia was evapora ted  on a 
steam bath while  e t h e r  was added to  main ta in  a volume o f  150 ml. The 
mixture  was cooled t o  0° ,  then 100 ml. o f  water was added and the  so lu ­
t i o n  f i l t e r e d .  A f t e r  s e p a ra t io n ,  the  aqueous phase was e x t r a c t e d  with  
e t h e r ,  th e  combined e t h e r  p o r t i o n s  washed with w a te r ,  d r i e d ,  and evap­
o ra te d  to  g iv e  12.0 g. o f  re s idue  which s o l i d i f i e d  when coo led .  Re­
c r y s t a l l i z a t i o n  from methanol gave 4 .7  g. o f^ -m e th y ld eo x y b en zo in ,  m.p. 
51-52, r e p o r t e d ,  52 (34) .  Success ive  crops a f fo rded  6 .2  g. o f  l e s s  
pure  m a t e r i a l .
2 .3 -D ipheny l"2 -bu tano ls  from Methyl Magnesium Iodide and o(-
Methyldeoxybenzoin. c("Methyldeoxybenzoin,  m.p. 51-52, (3-94 g . ,  0.0107
mole) in 50  ml.  o f  dry  e t h e r  was added to  a m agne t ica l ly  s t i r r e d  s o lu t io n
o f  methyl magnesium iodide  made from 3 20 g.  (0.0225 mole) o f  methyl 16-
d ide  and 0 .57  g. (0.0234 g . atom) of  magnesium t u r n i n g s .  A f t e r  two hours
18
19
s t i r r i n g  in a n i t ro g en  atmosphere,  the  mixture  was cooled to  0° and 45 
ml. o f  10% ammonium c h lo r id e  s o lu t io n  was added. When a i l  the  s o l i d s  
had d i s so lv e d ,  the  phases  were separa ted  and the  e th e r  layer  was washed 
with t h r e e  25 ml. p o r t i o n s  o f  w a te r ,  d r ied  over  sodium s u l f a t e  and 
evaporated to g ive  4.33 g.  o f  o i l .  The t h e o r e t i c a l  y ie ld  i s  4.23 g.
This o i l  was chromatographed on an alumina column (Alcoa F-20, 
77 by 2 .5  cm.) with e t h e r  in hexane a s  so lv en t .  The r e s u l t s  o f  the  chro­
matography can be seen in the  fo llowing t a b l e .
FRACTION SOLVENT Y I E L D  MELTING RANGE
1 -  16 10% E t h e r  T r a c e  O i l
H e x a n e  
50 m l .
F r a c t i o n s
17 -  20 " 0.47 g. 72 -  83°
21 -  25 " 0.60 g. O i l
26 -  31 " 0.61 g. 52 -  62°
32 -  34 25% E t h e r  2.57 g • 6 0 - 6 5 °
H e x a n e  
300 m l .
F r a c t  i o n s
The q u a n t i t y  o f  a lcohol mel t ing  a t  85° was a d ju s ted  to 0.96 g . by ap­
proximating the  amount o f  t h i s  a lcohol in the  remaining f r a c t i o n s  from 
melt ing  po in t  -  composit ion da ta  (36) .  F rac t ions  21 -  25 were d i s c a r d ­
ed and the  e r y t h r o - t h r e o - alcohol r a t i o  was c a l c u l a t e d  from the t o t a l  
s o l i d  m a te r ia l  ob ta ined  from the  chromatography; 3.76 g . , 88.7%. This 
g ives  2 5 . 5% and 74.5% f o r  the  pe rcen t  e r y th r o -  and th reo - bu tano ls ,  
r e s p e c t i v e l y .  F r ac t io n s  17, 18, and 19, were r e c r y s t a l l i z e d  from hexane
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to  give alcohol melt ing  a t  85 .0  - 8 5 .5 , while  sublimation  o f  m ate r ia l  
ob ta ined  in f r a c t i o n  33, gave a lcohol which melted a t  66 -  67° .
Cis- and Trans-Cf,Of -D im ethy ls t i  Ibene. -^ M e th y lb e n z y l  c h lo r id e  
(60 g . , 0.423 mole),  prepared from the r e a c t io n  of0(-methylbenzyl a l co ­
hol with th ionyl  c h lo r id e  (35) ,  in 70 ml, e th e r  was added to  a well 
s t i r r e d  suspension o f  sodium amide (11.9  g . ,  0.51 g . atom sodium) in 
500 ml. of  l i q u id  ammonia over a t h i r t y  minute period.  A f te r  s t i r r i n g  
t h i r t y  minutes ,  s u f f i c i e n t  ammonium c h lo r id e  was added to  d ispe l  the  
red co lo r .  The ammonia was then evapora ted ,  while  wet e th e r  was added 
a t  a r a t e  such t h a t  250 ml. of  s o lu t io n  remained in the f l a s k .  To t h i s  
s o lu t io n  was added 200 ml. o f  water and the  r e s u l t in g  phases f i l t e r e d  
through f i l t e r  a id ;  the  e t h e r  layer  was washed twice with  w a te r ,  d r ied  
over sodium s u l f a t e  and evapora ted .  The res idua l  o i l  was d i s so lv e d  in 
200 ml. of hot methanol and r e f r i g e r a t e d  one day to  depos i t  8 .3  g . o i l y  
c r y s t a l s ,  m.p. 91 - 100. R e c r y s t a l l i z a t i o n  from methanol gave 6 .2  g. o f  
the  t r a n s - o l e f i n ,  m.p. 104 - 105; repo r ted  m.p. 105 - IO6 (5 ) .  A f te r  
o b ta in in g  a second crop of  9 0 g. with f u r th e r  cooling,  the methanol 
was removed and the  remaining 23, g. was d i s t i l l e d .  The f i r s t  two 
f r a c t i o n s ,  b o i l i n g  a t  120 -  136° a t  2 mm., were repea ted ly  r e c r y s t a l ­
l ized  from methanol to  give  4 .7  g.  o f  the  c i s - o l e f i n ,  m.p. 65 .5  -  67; 
repor ted  m.p. 65 -  66 (5 ) .  An o i l  having the c h a r a c t e r i s t i c  odor of  
^ - 2 , 3-diphenyl  butane,  c o p r e c i p i t a t e d  w i th  the ci s-  o l e f i n ,  making 
i t s  p u r i f i c a t i o n  most d i f f i c u l t .
T rans -<y ,^ -D im ethy ls t i  1 bene o x id e .  — To 28 ml. o f  co ld  c h l o r ­
oform, con ta in in g  0.00104 mole o f  pe rbenzoic  ac id  per m l . ,  was added 5 9 . 
(0.024 mole) o f  t r a n s -Of.OC-dimethylsti lbene.  The r e ac t io n  was followed
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over 9 t h r e e  day period by adding 5 ml. p o r t i o n s  o f  th e  pe rac id  so lu ­
t i o n  u n t i l  an excess  o f  p e rac id  p e r s i s t e d  as  in d ica ted  by a p o s i t i v e  
potassium iodide t e s t .  The so lu t io n .w as  then washed with  th ree  20 ml. 
p o r t io n s  o f  10% sodium hydroxide  s o lu t io n ,  followed by four 25 ml. por­
t i o n s  o f  w a te r ,  d r ied  over sodium s u l f a t e ,  and evapora ted  to  give 7 .0  
g. o f  s o l i d .  Three c r y s t a l l i z a t i o n s  from e thanol gave 3-7 g. (69%) of  
t r a n s -  oxide m.p. 108. 5- 110; repor ted  m.p . ,  107 (37) .
Cis-fl/.Qf-Dimethyl St i l  bene oxide.  —  The ci  s -  o l e f i n  (5 .0  g. 
.024 mole) was t r e a t e d  in the  manner desc r ibed  above to  g ive  6.2 g. of 
crude m a t e r i a l .  This was r e c r y s t a l l i z e d  severa l  t imes  from methanol 
and, f i n a l l y ,  hexane, to  give 0.53 g. o f  pure c i s -  oxide  m.p. 51 -  52; 
repor ted  m .p . ,  52 -  53 (37) .  Subsequent crops gave approximate ly  one 
gram o f  l e s s  pure oxide .
Hydrogenation o f  trans-odo( ' -Dimethyls t i  Ibene ox ide .  — The 
t r a n s -  ox ide ,  m.p.  IO8 .5  -  110, (O.5O g. .0022 mole) was hydrogenated 
in 30 ml. e thanol with 0 .5  g. o f  5% pa lladium charcoa l a t  30 pounds 
p res su re  fo r  5 hours .  F i l t r a t i o n  of  the  s o l u t i o n  through f i l t e r  a id  
and d i s t i l l a t i o n  o f  s o lv en t  gave O.58 g. o f  s o l i d  m.p. 75 -  78. This 
m ate r ia l  was chromatographed on alumina with 10% e t h e r  in hexane to  
g ive  a t o t a l  o f  0.46 g . (92%) o f  e r y th r o -2 .3 -d ip h en y l -2 -b u ta n o l  melt ing  
in a 79 - 83°  range.  A c e n te r  f r a c t i o n ,  m.p. 82 - 8 3 , had an i n f r a ­
red spectrum id e n t i c a l  w i th  2 ,3 -d ip h e n y l - 2 - b u ta n o l , m.p. 84 -  85 , p re ­
pared from the  r e a c t io n  o f  méthylmagnésium iodide  w i th  methyldeoxy- 
benzoin and d id  not dep ress  th e  melting po in t  o f  t h i s  a lco h o l .
Attempts  to hydrogenate  the  oxide a t  40 pounds p re s su re  fo r  
f o r t y - e i g h t  hours  and a t  30 pounds fo r  twenty four hours  with  palladium
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charcoal In e thanol  f al led to give  s a t i s f a c t o r y  y i e l d s  of the  a lcoho l .  Ex­
tended hydrogenation p e r io d s ,  o r  high p re s su re s  ev id en t ly  Isomerlzed or 
dehydroxyla ted  the  a lcohol s in ce  the  y i e l d s  o f  a lcohol  were p ro g r e s s iv e ly  
Improved as the  r e a c t io n  t imes  and p re s su re  were decreased.
Hydrogenation o f  c ls -QltOf-Dimethyls tiIbene  Oxide. — The same 
procedure desc r ibed  above fo r  hydrogenat ion o f  the  t r a n s - ox ide ,  was ap- 
p l i e d  to 0.53 g.  (0.0024 mole) o f  the c i s -  ox ide ,  m.p. 51 - 52 , to  give 
a q u a n t i t a t i v e  y i e l d  o f  m a te r ia l  melt ing ,  62 -  63°.  This m ate r ia l  was 
shown by mixed mel t ing  po in t  and In f r a - r e d  spectrum to  be Id en t ica l  with 
the  corresponding  2 ,3 -d lpheny l -2 -bu tano l  prepared  from the r e a c t io n  of  
methyl magnesium Iodide wl$h methyldeoxybenzoln.
2 . 3 - 0 1 phenyl-2-bu tanol  from Hydration o f  trans-CtOP-Dimethyl-  
St IIbene .  —  Several  systems o f  reagen ts  were used in a t t em pts  to  hydro­
b o ra te  the  t r a n s -  o l e f i n .  Sodium borohydr ide  -  boron t r l f l u o r l d e  e t h e r a t e  
in diglyme, (dimethyl d l e th y le n e  g ly c o l ) ,  sodium borohydride -  aluminum 
c h lo r id e  in diglyme, and boron t r l f l u o r l d e  e t h e r a t e  -  l i th ium  aluminum 
hydride  In d ie th y l  e t h e r  were used to  gene ra te  d iborane  with  the  o l e f i n  
In si  tu  to  g ive  y i e l d s  o f  alcohol which v a r i e d  from t r a c e s  t o  60%.
The fo l lowing  d e s c r ib e s  the convers ion  o f  the  o l e f i n  to  the  
butanol through use o f  th e  In s i t u  method. To 3.00 g. ( .0144 mole) of  
t r a n s - Of.fl*-dimethylsti Ibene and 1.50 g.  ( .0288 mole) of aluminum c h lo r id e  
In 30 ml. o f  dry diglyme (11) ,  was added 1.09 g.  ( .0288 mole) o f  sodium 
borohydr ide .  In 30 ml. diglyme, over a t h i r t y  minute per iod .  The r e ­
s u l t i n g  s o l u t i o n  was m agne t ica l ly  s t i r r e d  fo r  s i x  hours In a n i t rogen  
atmosphere.  The s o l u t i o n  was cooled to  0° and 10 ml. of water  was 
c a u t io u s ly  added. A f te r  s t i r r i n g  f o r t y - f i v e  m inu tes ,  1.577 ml. o f  28%
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hydrogen peroxide  was added, the  s o lu t io n  ad jus ted  to  pH 9*10 with 3N 
sodium hydroxide ,  and s t i r r e d  an a d d i t io n a l  hour» The s o i u t i o n  was 
mixed with 500 mi. o f  w ater  and e x t r a c t e d  with severa l  p o r t i o n s  o f  e t h e r .  
A f te r  removing the  diglyme from the  e t h e r  e x t r a c t s  by repea ted  water 
washings,  the  e t h e r  was d r i e d  and d i s t i l l e d  to  give 3-01 g. o f  o i l  
which s o l i d i f i e d  when seeded with th r e o -  a lcoho l .  This o i l  was placed 
on an alumina column and washed with hexane u n t i l  the  e l u a t e  was f r e e  
from an o i l y  fo r e ru n .  The a lcohol was then e lu te d  with 50% e t h e r ,  hexane 
to g ive  0 .95  g . ,  m.p. 53 -  58° ,  in f r a c t i o n  6, i . 4 ?  g . , m .p . ,  63 -  64°, 
in f r a c t i o n s  7 and 8,  combined; and 0.11 g . , m.p. 58 -  62°,  in f r a c t i o n
9. The t o t a i  y i e l d  of a lcohol was 2.53 g . , o r  78%. F rac t io n  8,  m.p.
63 -  64° ,  d id  not depress  the  m el t ing  po in t  o f  the  corresponding alcohol 
ob ta ined  from the  r e a c t io n  o f  methyi magnesium iodide and methyldeoxy- 
benzoin.
2 ,3 -D iphenyl-2-bu tano l  from Hydration of  cis-Of,of-Dimethy 1 s t i  1 - 
bene.  — A s o l u t i o n  o f  3 .0  ml. o f  boron t r l f l u o r l d e  e t h e r a t e  in 20 ml. 
of diglyme was added to  the  c i s -  o l e f i n  (2 .00 g . , 0.00962 mole) and sodium 
borohydride  (0 .33 g . , 0.00862 mole) in 50 ml. o f  diglyme over  a t h i r t y  
minute p e r io d .  A f t e r  s t i r r i n g  seventeen hours a t  room tem pera tu re ,  the  
mixture was cooled to  -80°  and a stream o f  a i r ,  which had passed from 
success ive  magnesium p e r c h lo r a t e  and a s c a r i t e  columns, was bubbled for  
e i g h t  hours  through t h i s  s o l u t i o n .  Then, 30 mi. o f  3N sodium hydroxide 
s o lu t io n  was added, the  s o l u t i o n  s t i r r e d  an hour, d i l u t e d  w i th  water and 
worked up in th e  manner p re v io u s ly  de sc r ibed  to give 2 .0  g.  o f  o i l .  This 
o i l  was d i s so lv e d  in e thanol and reduced with palladium charcoal a t  24 
pounds hydrogen p re s su re  fo r  four  hours .  The s o lu t io n  was then f i l t e r e d .
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s t r i p p e d  of  so lv en t  and chromatographed on alumina with  hexane and hex- 
a n e - e th e r  s o lv en t ,  as  be fo re .  The t o t a l  i s o l a b l e  a lcoho l ,  0.45 g . , (23%) 
m.p. 80 -  83,  did  not depress  the  melt ing  po in t  o f  e r y t h r o - 2 ,3 -d ip h en y l -  
2-butanol which had been prepared from the Grignard r eac t io n  with methyl-  
deoxybenzo in .
d l -2 .3 -Diphenylbu tane  from hydroboration  - d e a lk y la t io n  o f  t r a n s -  
0 ( ÆC"dimethy1s t i 1 bene . — To a m agnet ica l ly  s t i r r e d  so lu t io n  o f  3 .00 g.
( .0144 mole) o f  the  t r a n s -  o l e f i n  and 0.62 g . , ( .0164 moles, 50% excess  
c a l c u l a t e d  on RBHg) sodium borohydride in 50 ml. diglyme a t  0 ° ,  was 
added 4 .0  ml. o f  boron t r i f l u o r i d e  e t h e r a t e  in 10 ml. o f  diglyme over a 
f o r t y - f i v e  minute pe r iod .  The r e s u l t i n g  s o l u t i o n  was s t i r r e d  fo r  four 
hours  a t  0° under an atmosphere o f  n i t ro g en .  The cold so lu t io n  was then 
t r e a t e d  with 20 ml. o f  3N sodium hydroxide s o lu t io n ,  the  ice bath removed, 
and th e  s o lu t io n  s t i r r e d  fo r  e leven hours .  The usual work up gave 3 7 
gm. o i l  which was chromatographed on alumina with hexane. The hydrocarbon 
f r a c t i o n  y ie ld e d  2.1 g. (71%) o f  o i l ,  1.5538, m.p. 11 - 15, and n^^
1.5523, m.p. 10, a f t e r  f l a sh  d i s t i l l a t i o n ,  repor ted  (25) n^^ 1.5530, m.p.
12 -  13. Th is  m a te r ia l  was compared with a u th e n t i c  d l -2 ,3 -d ipheny l  butane 
and found to  co n ta in  le s s  than 5% meso -  butane from the  peak i n t e n s i t y  
a t  9 .60  in the  i n f r a - r e d  spectrum.
Meso-2,3-Diphenyl butane from hydroborat ion -  dealkyl a t  io n .o f  
c is iO(InP-d imethy ls t i Ibene .  — Boron t r i f l u o r i d e  - e t h e r a t e  (3 .0  ml.)  in 
20 ml. o f  diglyme was added to  2.00 g. (0.00963 mole) of  c i s -oCfX* -d  I methyl -  
s t t l b e n e  and 0.408 g . (0.0108 mole 50% excess  c a lc u la te d  on RBHg) sodium 
borohydr ide  in 50 ml. diglyme a t  0° in the  manner descr ibed  above. The 
cold  s o l u t i o n  was made a l k a l i n e  t o  pH 9 -  10 with  3N sodium hydroxide and
25
s t f r r e d  one hour while  th e  f l a s k  was allowed to  warm to  room tempera ture .  
The workup gavé 1.83 9< o f  s o l id  m.p. 108 -  128. Chromatography on alum­
ina gave 1.39 g.  (69%) o f  s o l i d ,  m.p. 125 -  127. The mixed melting p o in t  
with  au th en t ic .m eso -2 ,3 -d ipheny l  butane (25) was 127 -  127.5.
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CERTAIN CHEMICAL TRANSFORMATIONS OF A DITERPENE LACTONE 
ISOLATED FROM THE GORGON IAN, EUNICEA MAMMOSA
PART I I 
INTRODUCTION
Terpenes have been encountered only  r e c e n t ly  in gorgonians 
(1 ) .  The p r o p e r t i e s  and sources  of  a few te rpeno id  compounds, i s o l a t e d  
from the hydrocarbon e x t r a c t s  o f  c e r t a i n  gorgonians  have been repor ted  
( 2 , 3 , 4 ) ,  but l i t t l e  i s  known o f  the s t r u c t u r e s  o f  these  compounds, in 
co n t in u a t io n  o f  th e  work on chemical compounds i s o l a t e d  from marine in­
v e r t e b r a t e s ,  the  s t r u c t u r e  o f  mammosin, which is  the  major so l id  i s o la t e d  
from the  pentane  e x t r a c t s  o f  Eunices Mammosa, has now been s tud ied .
The purpose of  t h i s  t h e s i s  i s  to d i s cu s s  chemical r e a c t io n s  
o f  mammosin which have been performed in o rde r  t o  determine c e r t a i n  
s t r u c t u r a l  f e a t u r e s  o f  the  molecule.  S t r u c t u ra l  i n t e r p r e t a t i o n s  which 
a r i s e  from th e se  t r a n s fo rm a t io n s  are  included when p o s s ib l e .  In many 
in s tances  th e se  i n t e r p r e t a t i o n s  are based on inconclusive d a ta ,  but are  
hope fu l ly  j u s t i f i e d  because they may serve as  foundations  from which 
f u r t h e r  work on t h i s  compound might develop.
Because of the i n s t a b i l i t y  o f  mammosin to  a l k a l i ,  many o f  the
I
r e a c t io n s  were e f f e c t e d  with  a more s t a b l e  compound, dihydromammosin, the 
product o f  the  hydrogenation o f  mammosin a t  a tmospher ic  p re s su re .  As­
suming t h a t  the  a d d i t io n  of a mole of  hydrogen does not cause  d r a s t i c
28
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s k e l e t a l  rearrangements ,  i t  is  reasonable  to  i d e n t i f y  c e r t a i n  s t r u c t u r a l  
f e a t u r e s  o f  the  hydrogenated product with the pa ren t  molecule.
PART I I 
DISCUSSION
Mammosin can be c l a s s i f i e d  as  a d i t e rp e n o id  compound which has 
the  formula Cg^H^gO^. The in f r a - r e d  spectrum of  t h i s  compound shows ab­
so rp t io n  maxima a t  3450 and I76O cm in d ic a t in g  the  presence o f  a hy­
droxyl and lac tone  group (5 ) .  A d e te rm ina t ion  o f  the  number of a c t i v e  
hydrogens in the  molecule,  in d ic a te s  only  one hydroxyl group to be pre ­
s e n t .  Because o f  the  in e r tn e s s  of the  remaining oxygen, i t  is t e n t a ­
t i v e l y  placed in an e t h e r  l inkage .
The Ether Function 
With the  excep t io n  o f  methoxyl- and e thoxy l -  groups ,  non- 
c y c l i c  e t h e r s  occur so in f r eq u e n t ly  in te rpeno id  systems t h a t  the  pos­
s i b i l i t y  of  t h i s  e th e r  e x i s t i n g  as such w i l l  not be cons ide red .  Since 
mammosin gave a nega t ive  methoxyl group d e te rm in a t io n ,  th e  unknown oxy­
gen can most l o g i c a l l y  be placed in a c y c l i c  e th e r  s t r u c t u r e .  Cycl ic  
e t h e r s  most commonly o ccu r r in g  in te rpene  systems a re  those  composed 
o f  3- ,  5 - ,  and 6- membered oxygen con ta in ing  r i n g s .  These may be epox­
ide,  fu ran ,  pyran,  o r  t h e i r  d i - ,  o r  t e t r a h y d r o -  d e r i v a t i v e s .  The e x i s ­
tence  o f  the  epoxide ,  fu ran ,  pyran,  and d ihydrofuran  o r  pyran can be 
prec luded because of th e l a c k  o f  r e a c t i v i t y  o f  mammosin in s o l v o l y t i c  
media. Thus, i t  was not p o s s ib le  to  so lvo lyze  the  e t h e r  o r  o therwise
3 0
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a l t e r  mammosin with aqueous a c e t i c  acid,  o r  p e r c h l o r i c  acid  and aqueous 
a c e t i c  a c id  a t  room temperature .  Concentrated hydroch lo r ic  ac id  in 
e thanol a l s o  f a i l e d  t o  r e a c t  with mammosin a t  room temperature .  S t i l l  
more v igorous  c o n d i t io n s  were app l ied  by t r e a t i n g  mammosin with a b so lu te  
e thanol s a t u r a t e d  w i th  anhydrous hydrogen c h l o r i d e .  This produced the  
compound, C^qH^^Oj^CI. Sim ilar treatment  o f  mammosin with hydrogen bro­
mide gave th e  analogous compound, C2QHj|0|^Br. The d isappearance  o f  the  
in f r a - r e d  peak a t  I66O cm. , assumed to be an in d ic a t io n  o f  a double 
bond in mammosin ( 5 , 6 , 7 ) ,  and the  absence o f  a d d i t io n a l  carbonyl ab­
so rp t io n  sugges t  t h a t  both compounds are a d d i t i o n  r a t h e r  than e th e r  
f i s s i o n  p ro d u c ts .  F i s s io n  o f  a vinyl e th e r  would be expected t o , p r o ­
duce a new carbony l ,  and f i s s i o n  o f  an epoxide  should give  a ha lohydrin  
or g ly c o l .  The p o s s i b i l i t y  t h a t  a halohydrin  was formed cannot be ex­
cluded from chemical evidence but seems improbable because products  r e ­
s u l t i n g  from known a d d i t io n  r e a c t io n s  such as pe rac id  epoxid a t io n ,  and
.  I
brominat ion a l s o  have t h i s  1660 cm. peak miss ing  from t h e i r  s p e c t r a .  
The maximum a t  I85 m|/  observed in the u l t r a - v i o l e t  spectrum o f  mammosin 
is  f u r t h e r  ev idence  a g a in s t  the  presence o f  a vinyl e t h e r  because th e se  
a re  known to  absorb a t  wavelengths  longer than  I90 mjj. (8 ,9 ,1 0 ) .
A t e t r a h y d ro fu r a n  or pyran remains a s  the  p o s s ib le  choice fo r  
the  e t h e r  func t ion  in mammosin. An in f r a -  peak a t  1100 cm. is  con­
s i s t e n t  w ith  t h i s  assignment (5 ) .  I t  is p o s s ib l e  t h a t  f i s s i o n  o f  t h i s  
func t ion  occur red  dur ing  the  a c é ty l a t i o n  o f  mammosin. This r e a c t io n  was 
e f f e c t e d  by the  use o f  a po ten t  ace ty l  a t in g  system composed o f  a c e t i c  
anhydride and  p e r c h l o r i c  ac id  in e thyl  a c e t a t e  (11) .  T i t r a t i o n  o f  the  
unconsumed a c e t i c  anhydride  as a c e t i c  acid  a f t e r  completion o f  the
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r e a c t io n  permits  q u a n t i t a t i v e  eva lua t ion  of the  number o f  ace ty l  groups 
which e n te r e d  the  molecule.  Mammosin was found t o  r e a c t  with  th re e  
e q u iv a l e n t s  o f  a ce ty l  when t r e a t e d  with the a c e t y l a t i n g  reagent fo r  seve­
ra l  hours .  R esu l t s  which w i l l  be given l a t e r  w i l l  show t h a t  one equ iva­
l e n t  o f  a ce ty l  reac ted  with the  hydroxyl group and the  remaining two 
e q u iv a l e n t s  reac ted  w i th  two o th e r  func t iona l  groups ,  i t  i s  p o s s ib l e  
t h a t  one o f  these  e q u iv a l e n t s  reacted with  a double bond s ince  o l e f i n s  
a r e  known to i n t e r f e r e  with the  de termina t ion  ( l i ) .  If  t h i s  i s  so then 
the  remaining e q u iv a l e n t  p o ss ib ly  reacted  with  the  e t h e r .  Absorption 
maxima a t  1768, 1727, 1708, and 1230 cm. , and absence o f  hydroxyl ab­
so rp t io n  in the  i n f r a - r e d  spectrum of the  p roduc t ,  i n d ic a te  the  presence 
o f  the  l a c to n e ,  an a c e t a t e ,  and probably a ke tone ,  r e s p e c t i v e l y .  The 
p o s s i b i l i t y  t h a t  the  ketone i s  present  in a methyl ketone cannot be ex­
c luded.  i f  only  one e q u iv a l en t  of ace ty l  r e a c t s  w i th  th e  e th e r  func t ion  
during th e  proposed f i s s i o n ,  then an a d d i t io n a l  double bond should be 
c r e a te d  from e l im in a t io n  o f  the necessary carbonium ion. However, 
t h i s  e l im in a t io n  d id  not occur  because the  t r i a c e t y l a t e d  m ate r ia l  re ac ted  
w i th  only one mole o f  hydrogen when hydrogenated w i th  pallad ium a t  atmos­
ph e r ic  p re s s u r e .  U nfo r tu n a te ly ,  the t r i a c e t y l a t e d  m a te r ia l  could not be 
s u f f i c i e n t l y  p u r i f i e d  t o  a llow fu r th e r  c h a r a c t e r i z a t i o n .
The Hydroxyl Group 
The hydroxyl group in mammosin is shown to  be in a t e r t i a r y  
p o s i t i o n  by th e  fo llowing evidence.  Mammosin f a i l s  to  g ive  d e r i v a t i v e s  
wi th  phenyl i socyana te ,  p-phenyazophenyl isocyana te ,  p - to lu en esu l fo n y l  
c h l o r i d e ,  o r  a c e t i c  anhydride in p y r id ine ;  r e a g en t s  expected t o  r e a c t  with
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primary o r  unhindered secondary hydroxyl groups .  Dihydromammosin, p re ­
sumably having th e  same hydroxyl func t ion  as  mammosin, r e a c t s  r e l u c t a n t l y  
wi th  the p e r c h l o r i c  a c id ,  a c e t i c  anhydride reagen t  (11) to  give a product 
which i s  a p p a r e n t ly  the  monoacetate.  U nfo r tu n a te ly ,  im pur i t ie s  In the  
a n a l y t i c a l  specimen caused the  percent  composi t ions  of  the  elemental  a n a l ­
y s i s  to  vary from the c a l c u l a t e d  value by a margin g r e a t e r  than the  d e s i r e d  
0.4%. These v a lu e s ,  however, correspond more c l o s e l y  to  c a l c u l a t e d  pe rcen t  
composi t ion o f  the  monoacetate than any o f  th e  o t h e r  products  which would 
be reasonably  p r e d i c t e d .  A dehydra t ion  occurs  when dihydromammosin is  
t r e a t e d  with  ho t  formic ac id  o r  hot e t h a n o i i c  hydrobromic ac id .  The 
p roduc t ,  anhydrodihydromammosin, CggNggOg, has peaks a t  220, and 280 m^.
In the  u l t r a - v i o l e t  spectrum. F in a l ly  dihydromammosin is  recovered un­
a l t e r e d  from chromium t r i o x i d e  in p y r id in e ,  a system which has been.shown 
to  o x id iz e  secondary a lco h o l s  to  ketones under the  same c o n d i t io n s  em­
ployed in t h i s  a t tem pt  (12) .
Thé Lactone Group 
Although mammosin i s  not a c i d i c ,  i t  was d i s so lv e d  in ho t  aqueous 
e t h a n o i i c  sodium b icarbonated  s o lu t io n .  The s o l u t i o n  was e x t r a c t e d  with  
e t h e r  and then  a c i d i f i e d  to  give  u n a l t e red  mammosin as  the  only  product.  
Reduction o f  th e  e t h e r  gave a small amount o f  m a te r ia l  which was prob­
ably  unhydrolyzed mammosin. This demonst ra tes  the  p resence  o f  the  la c ­
tone  group. I t  is  s i g n i f i c a n t  t h a t  h y d r o ly s i s  wi th  the  s t ronger  base 
sodium hydroxide produced a mixture o f  l a c to n es  upon a c i d i f i c a t i o n .  This 
phenomenon i s  most reasonably  exp la ined  by proposing the  e p im er iza t io n  
o f  a hydrogeno(to  the  lac tone  carbonyl,  i t  was not p o s s ib l e ,  however, to
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i s o l a t e  a pure compound a f t e r  t r ea tm en t  o f  mammosin with  potassium c a r ­
bonate  in b o i l in g  t e t r a l i n .  This  system was demonstrated to cause  e p i ­
mer i z a t i o n  o f  l a c to n es  having a c t i v e  of hydrogens (13) .
The u l t r a - v i o l e t  spectrum o f  mammosin shows a maximum a t  I85 mji., 
wh i le  th e  d ihydro- d e r i v a t i v e  shows a s t rong  abso rp t ion  peak a t  220 mp. 
This maximum In d ic a te s  t h e  p o s s i b i l i t y  o f  a conjugated carbonyl system. 
Since m igra t ions  o f  double  bonds, which a re  r e s i s t a n t  to  hydrogenation 
both before  and a f t e r  m ig ra t io n s ,  have been shown to occur in c e r t a i n  t e r ­
pene systems during pa l lad ium  c a ta ly z ed  hydrogenations  (14 ,15) ,  ! t  is  pro­
bable  t h a t  a s im i la r  type  o f  m igra t ion  occurred during the  hydrogenation 
o f  mammosin t o  form a n ( ^ -  unsa tu ra ted  lactone in dihydromammosin. Lac­
tones  having t h i s  s t r u c t u r e  a re  known to  absorb in the  213 -  230 m|J. r e ­
gion ( 16) .  That mammosin g ives  a p o s i t i v e  t e s t  and dihydromammosin a 
nega t ive  t e s t  with t e t r a n i t r o m e th a n e  is  a l s o  c o n s i s t e n t  with  t h i s  con­
c l u s i o n ,  s ince  t h i s  reagen t  w i l i  g e n e r a l ly  detect.  I so la t ed  double bonds, 
but not those conjugated  with a carbonyl group [ Ï 7 ) .
Extens ive  double  bond m ig ra t io n s  nave not been observed in 
o th e r  te rpene  sys tems,and those  observed a re  u su a l ly  a l l y l i c  type re ­
arrangements .  The mammosin system might,  t h e r e f o r e ,  be expected t o  be 
conducive to  a 1 ,2-  s h i f t  o f  a double bond. Minimum m igra t ion  would be 
r e a l i z e d  in t h i s  system i f  an i s o l a t e d ^ y -  double bond s h i f t e d  in to  the  
conjugatedot,^- p o s i t i o n  in the  l a c to n e .  This new lac tone  system, be­
cause o f  added e l e c t r o n i c  s t a b i l i t y ,  and a l so  because o f  h indrance ,  
might be expected to  show decreased  r e a c t i v i t y  when compared with  the  
o r i g i n a l  system. Regarding t h i s  proposed decrease  in r e a c t i v i t y  a s  
ano ther  i n d ic a t io n  t h a t  an u n sa tu r a te d  lac tone  i s  p r e s e n t ,  di hydro-
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mammosin was found to  be unaffec ted  by d i l u t e  sodium hydroxide a t  room 
tempera ture ,  whereas,  mammosin was r e a d i ly  hydrolyzed under the  same 
c o n d i t io n s .  I t  was necessary  t o  r e f lu x  the  d lhydro  d e r i v a t i v e  severa l  
hours with  aqueous sodium hydroxide in e thanol in o rd e r  to  hydrolyze the 
l a c tone .  The h y d ro ly s i s  product,  an I n t r a c t a b l e  s o l i d ,  f a i l e d  to  r e l a c -  
to n lz e  when a c i d i f i e d .  I t  was not p o s s ib le  to  i s o l a t e  a pure compound 
from t h i s  re s idue  a f t e r  e s t é r i f i c a t i o n  with diazomethane and at tempted 
s ep a ra t io n  by chromatography. When the  ac id  was heated  pa s t  the  melting 
p o in t  an e v o lu t io n  o f  gas was observed. A sample o f  t h i s  a c id  was, t h e r e ­
f o r e ,  heated a t  I8$°,  u n t i l  gas ceased to  be evolved ,  in an a ttempt to 
I s o l a t e  a decarboxyla ted  or  o therwise  degraded p roduc t .  However, no 
pure  compounds could be i s o la te d  from the r e a c t io n  mix ture .  Fur ther 
evidence for  the  o(/3- u n sa tu ra ted  lactone  was ob ta in ed  by o x id iz in g  the  
compound with  potassium permanganate to  give  a n e u t r a l  fragment with  the 
formula I s o l a t i o n  o f  t h i s  neu t ra l  compound, having In f ra - re d
a b so rp t io n  peaks a t  3520 and 1724 cm.” , shows t h a t  a hydroxy ketone was 
produced and the  lac tone  group was des t royed .  The lo s s  o f  the  th ree  
carbon fragment can be In te rp r e te d  as the  c leavage o f  anotmethyl-C(,(3~ 
u n sa tu ra ted  l a c to n e .  Enhanced abso rp t io n  o f  the  hydroxyl w i thou t  con­
comitant enhancement o f  th e  carbonyl group a b so r p t io n  in th e  In f ra - re d  
spectrum o f  t h i s  molecule ,  sugges t  the  p o s s i b i l i t y  o f  a dIhydroxy ketone,  
one hydroxyl group being the  o r i g i n a l  t e r t i a r y  a l c o h o l ,  the o th e r  r e ­
maining from the  la c to n e .  For t h i s  reason the  te rminus  o f  the  lactone  Is 
presumed to  have a t e r t i a r y  oxygen s ince  a secondary oxygen would be 
expected to  y i e ld  a ketone under the  c o n d i t io n s  o f  th e  r e a c t io n .  An  
a t tempt  to  prepare  an o(- benzyl I dene d e r i v a t i v e  was not success fu l  as
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evidenced by recovery o f  s t a r t i n g  dihydromammosin. This  r e s u l t  Is  
c o n s i s t e n t  with  the  proposed0(-  methyl s u b s t i t u t i o n  an d o f ,^ -  u n sa tu ra ­
t i o n  in th e  l a c to n e .  As a summary, the  following p a r t i a l  s t r u c t u r e s  can 
be drawn fo r  the  l a c tone  fu n c t io n  in mammosin (1 ) ,  and dihydromammosin (11) .
 ^ " I hydro* \    ^  o x id a t io n
0 -genation - J — OH
It  is  a l s o  p o s s ib le  t h a t  the  lac tone  e x i s t s  as  a 6- membered r i n g ,  a l ­
though the se  occur  l e s s  f r e q u e n t ly  in terpene systems than the  5- mem­
bered c o u n te r p a r t .
The peaks a t  220 and 280 mfj. observed in the  u l t r a - v i o l e t  
spectrum o f  anhydrodihydromammosin can now be r a t i o n a l i z e d  in terms o f  
the  proposed s t r u c t u r e s  fo r  mammosin and dihydromammosin. Assuming no 
double bond i so m er iza t io n s  or  s k e l e t a l  rearrangements occur dur ing  the  
dehydra t ion  s t e p ,  (an assumption which could e a s i l y  be in c o r re c t  s ince  
a c id  ca ta lyzed  rearrangements  a r e  common in severa l  te rp en o id  systems, 
(18,19,20) ) ,  then th e  hydroxyl group mqst occupy a p o s i t i o n  four  carbons 
from the  lac tone  carbonyl to g ive  the  ex tens ive  con juga t ion  observed 
upon e l im in a t io n  of  t h i s  group. P a r t i a l  s t r u c tu r e  (IV) i l l u s t r a t e s  
t h i s  proposed r e l a t i o n s h i p  in mammosin.
R, -Ko
IV
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A 1, 2- s h i f t  dur ing  hydrogenation,  followed by a dehydra t ion  would give 
the  conjugated  system expected (7) from the u l t r a - v i o l e t  spectrum o f  the  
dihydro d e r i v a t i v e .
Reduction o f  the  lac tone  group In dihydromammosin was achieved 
by t rea tm en t  o f  the  compound with l i th iu m  aluminum hydr ide  in t e t r a h y d r o ­
fu ran .  The p roduc t ,  was shown to  have th r e e  hydroxyl groups by
the  Zerewit inov method. Mammosin, when t r e a t e d  in th^- same manner p ro­
duced an i n t r a c t a b l e  s o l i d  which consumed four  e q u iv a l e n t s  o f  a c e t a t e  
when t r e a t e d  with  the  p e r c h lo r i c  a c i d ,  a c e t i c  anhydride  reagen t  (11) .  
Since th re e  hydroxyl groups must be p re sen t  in the  p roduc t ,  on ly  one 
eq u iv a l en t  o f  a c e t a t e  reac ted  with an unknown fu n c t iona l  group. The 
reduc t ion  o f  th e  lac tone  group thus  had e l im ina ted  one o f  th e  r e a c t i v e  
fu n c t iona l  groups p re sen t  in mammosin.
The Double Bond System
Addit ion  Reac t ions  
The double  bond migra t ion  which occurs  dur ing  hydrogenat ion  
Of mammosin has  been d e sc r ib ed .  Two, o r  the  e q u iv a l e n t  o f  two double  
bonds must be p r e s e n t  in mammosin i f  t h i s  u nsa tu ra ted  l inkage  s t i l l  
e x i s t s  in the  d ihydro  d e r i v a t i v e  a f t e r  the  consumption .of one mole o f  
hydrogen. One o f  th e se  double bonds undergoes the  usual o l e f i n  r e a c t i o n s  
while  the  o th e r  i s  i n e r t  as evidenced by the  r e a c t io n  o f  mammosin with  
one mole o f  r e a g en t s  known to  add t o  o l e f i n i c  l in k ag es .  Thus,  mammosin 
i s  seen to  d e c o lo r i z e  one mole o f  bromine,  add one mole o f  hydrogen 
c h lo r id e  o r  hydrogen bromide, and r e a c t  with  one mole o f  perbenzoic  
ac id  t o  g ive  mammosin oxide a l l  having an i n f r a - r e d  spectrum
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in which,vthe c h a r a c t e r i s t i c  double bond peak a t  1660 cm.” no longer 
e x i s t s ,  or  i s  g r e a t l y  diminshed.
T h e  d o u b l e  b o n d  i n  d i h y d r o m a m m o s i n ,  h o w e v e r ,  i s  u n r e a c t i v e  t o  
a n y  o f  t h e s e  r e a g e n t s .  T h u s ,  i t  i s  a p p a r e n t  t h a t  d u r i n g  t h e  r e d u c t i o n  o f  
m a m m o s i n ,  o n e  o f  t w o  p o s s i b i l i t i e s  e x i s t s ;  t h e  r e a c t i v e  b o n d  i s  h y d r o ­
g e n a t e d  w h i l e  t h e  o t h e r  b o n d  w h i c h  i s  p r o b a b l y  h i n d e r e d ,  i s  s h i f t e d  t o  
t h e p o s i t i o n  i n  t h e  l a c t o n e  w h e r e  i t  i s  a g a i n  u n r e a c t i v e  b e c a u s e  o f  
s t e r i c  a n d  e l e c t r o n i c  e f f e c t s ; }  o r  t h e  r e a c t i v e  b o n d  i s  s h i f t e d  t o  t h e  o ( , | 3 ‘ 
-  p o s i t i o n  w h i l e  t h e  o t h e r  b o n d  i s  r e d u c e d .  S i n c e  t h e  b o n d  m o s t  s u s c e p ­
t i b l e  t o  a d d i t i o n  r e a c t i o n s  s h o u l d  a l s o  b e  m o s t  s u s c e p t i b l e  t o  h y d r o ­
g e n a t i o n ,  i t  f o l l o w s  t h a t  t h e  n o n r e a c t i v e  b o n d  s h o u l d  b e  t h e  b o n d  t h a t  
m i g r a t e s .
H y d r o g e n a t i o n  o f  M a m m o s i n
Mammosin was smoothly reduced by one mole o f  hydrogen a t  atmos­
p h e r ic  p re s s u r e  with  palladium to  give  dihydromammosin, ^20^32^4’ melting 
182 -  183, in 90% y i e l d .  Hydrogenation o f  mammosin a t  p re s su re s  higher  
than a tm ospher ic  gave a v a r i e ty  o f  products  which probably r e s u l t e d  from 
isom er iza t ion  o f  one or more of th e  double bonds. Thus, hydrogenat ion at  
30 -  40 pounds p re s su re  with pailadium-charcoal in ethanol gave only  
t r a c e  amounts o f  dihydromammosin; the remaining m ater ia l  was an o i l  from 
which no o t h e r  purs  compound could be i s o l a t e d .  When mammosin was hydro­
genated with  p la t inum on charcoal in a c e t i c  a c id  a t  40 pounds, a small 
q u a n t i t y  o f  a new d e r i v a t i v e ,  isodihydromammosin, was i s o l a t e d .  This 
m a t e r i a l ,  m e l t in g  1 9 3 - 1 9 4 ,  has i n f r a - r e d  and u l t r a - v i o l e t  sp ec t ra  
i d e n t i c a l  w i th  th ose  o f  dihydromammosin, which melts  a t  182 -  I8 3 . Ele-
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mental a n a ly s i s  o f  t h i s  mater ia l  gave the  formula,  620^32^4 ' the  
melt ing poin t o f  a mix ture  of  t h i s  m a te r ia l  with the  dihydro d e r i v a t i v e  
was not s i g n i f i c a n t l y  depressed.  A s p e c i f i c  r o t a t i o n  o f  86 . 5° for t h i s  
m a te r i a l ,  which compares with 22 .2°  fo r  dihydromammosin, shows i t  to  be 
another  dihydro d e r i v a t i v e  o f  mammosin. isodihydro- and dihydromammosin 
were a l s o  ob ta ined  in t r a c e  amounts from hydrogenation o f  mammosin with  
p latinum in a c e t i c  ac id  a t  1300 pounds; the major p o r t i o n  o f  the  mater ia l  
was again recovered as an i n t r a c t a b l e  o i l .  Hydrogenation of  mammosin at  
s im i l a r  p re s su re s  with  palladium in e th a n o l ,  gave a small q u a n t i ty  o f  
dihydromammosin as  the  only i s o la b le  product.
Because o f  the  iden t ica l  u l t r a - v i o l e t  and in f r a - r e d  sp ec t ra  
o f  these  two isomers,  i t  is  reasonable  to  assume th a t  the  isodihydro 
d e r i v a t i v e  is  the  r e s u l t  of hydrogen a d d i t io n  to  the s id e  of  the  double 
bond oppos i te  to  t h a t  which gives  dihydromammosin.
in an a t tem pt  to  determine i f  hydrogenolysis  o f  the  lac tone  
func t ion  in mammosin had occurred  with  hydrogenat ion a t  high p re s su re ,  the 
crude product was t r e a t e d  with a h o t ,  e th a n o i i c  sodium b icarbonate  so lu ­
t i o n .  A c i d i f i c a t i o n  o f  t h i s  so lu t io n  gave a small q u a n t i t y  o f  m a te r i a l ,  
mel t ing  a t  IO8 -  109 . 5 , which had lac tone  carbonyl abso rp t io n  in the  in f r a ­
red spectrum. Other a t tem pts  to  o b ta in  t h i s  m a te r ia l  gave mix tures  o f  
compounds which had melt ing  p o in t s  in t h i s  range; but these  could not be 
separa ted  by c r y s t a l l i z a t i o n .
Ozonolysi s
In many in s tances  ozono lys i s  o f  mammosin produced a c i d i c  and 
n eu t ra l  fragments which were water so lu b le  or v o l a t i l e  enough to  be 
swept from the r e a c t i o n  vessel  by the  oxygen s tream. The a c i d i c  products .
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a f t e r  o x id a t io n  o f  the  ozonlde,  could not be ob ta ined  from the aqueous 
phase in s i g n i f i c a n t  q u a n t i ty  by simple e th e r  e x t r a c t i o n .  The small 
q u a n t i t i e s  o f  m ate r ia l  which were ob ta ined  from the e th e r  e x t r a c t i o n s  • 
could not  be I d e n t i f i e d  even though severa l  a t t em p ts  were made t o  p re ­
pare and chromatograph the  p-bromo phenacyl e s t e r s .  The v o l a t i l i t y  o f  
the  n e u t r a l  fragments was made apparent  both by lo s s  o f  th e  ozonlde upon 
d i s t i l l a t i o n  o f  the  methylene c h lo r id e  reac t ion  medium, and the formation,  
dur ing  o z o n lz a t lo n ,  o f  small amounts o f  mater ia l  In the  potassium Iodide 
t r a p  Into which the  e x i t  oxygen stream was passed.  Complete degrada t ion  
to  these  fragments Ind ica te s  th e  presence o f  a l a rg e  u n sa tu ra ted  r ing o r  
chain ,  s ince  a fused ring system, having only  two double bonds could not 
give such ex ten s iv e  cleavage  p roduc ts .
Mammosin was ozonized  a t  room temperature  to give  a s u b s t a n t i a l  
y i e l d  o f  formaldehyde upon steam d i s t i l l a t i o n  of the  ozonlde.  This  Im­
media te ly  sugges ts  the  p resence  o f  a te rminal mpthylene group. However, 
lack  o f  a s u f f i c i e n t l y  in tense  peak In the  885 -  895 cm." region o f  t h e  
I n f r a - r e d  sp ec t ra  makes the  p resence  o f  t h i s  group Improbable. A nuc lea r  
magneitic resonance s ignal  a t  8 . ST'and an In f ra - re d  peak a t  995 cm." 
d re ,  however, both in accordance with  a  methyl s u b s t i t u t e d  vinyl group. 
This s t r u c t u r e  has been shown t o  g ive  formaldehyde and a ketone upon 
o x id a t io n  with  ozone o r  po tass ium permanganate (1^) ,  so t h a t  I t  Is not 
unreasonable  to  propose such a grouping In mammosin to account fo r  the  
formaldehyde product ion .  The f a c t  t h a t  ozoholys is  a t - 8 0 ^  produces no 
formaldehyde In d ic a te s  t h a t  the  s h i f t  o f  th e  bond t o  the  terminal p o s i ­
t i o n  is  not favored a t  t h i s  tem pera tu re .
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Dihydromammosin, upon o z ono lys i s ,  gives a compound
_ I
T h e  s h i f t  o f  t h e  c a r b o n y l  a b s o r p t i o n  m a x i m u m  t o  1 7 2 4  c m .  a n d  a  p e a k  a t
_ I
3 4 8 0  c m .  s h o w  t h i s  c o m p o u n d  t o  b e  a  h y d r o x y  k e t o n e .  S i n c e  t h r e e  c a r ­
b o n  a t o m s  w e r e  p r e s u m a b l y  l o s t  w i t h  o z o n o l y s i s  o f  t h e  l a c t o n e  i n  d i h y d r o ­
m a m m o s i n ,  s e v e r a l  u n s u c c e s s f u l  a t t e m p t s  w e r e  m a d e  t o  i s o l a t e  f o r m a l d e ­
h y d e  a s  a f i s s i o n  p r o d u c t  w h i c h  w o u l d  a c c o u n t  f o r  l o s s  o f  t h e  r e m a i n i n g  
c a r b o n  a t o m .  T h e  f a c t  t h a t  t h e  m a j o r  o z o n o l y s i s  p r o d u c t  o f  d i h y d r o ­
m a m m o s i n  i s  a  h i g h  m o l e c u l a r  w e i g h t  k e t o n e ,  r a t h e r  t h a n  t h e  s m a l l e r  
f r a g m e n t s  o b t a i n e d  f r o m  o z o n o l y s i s  o f  m a m m o s i n ,  i s  a g a i n  c o n s i s t e n t  
w i t h  t h e  p r o p o s e d  s h i f t  o f  a  d o u b l e  b o n d  f r o m  t h e  e n d o  t o  e x o  p o s i t i o n  
i n  a  l a r g e  r i n g  d u r i n g  t h e  h y d r o g e n a t i o n  o f  a  d o u b l e  b o n d .
D e h y d r o g e n a t i o n  A t t e m p t s
M a n y  a t t e m p t s  w e r e  m a d e  t o  d e h y d r o g e n a t e  m a m m o s i n  a n d  d i h y ­
d r o m a m m o s i n  t o  o b t a i n  a n  a r o m a t i c  n u c l e u s  w h i c h  w o u l d  e s t a b l i s h  t h e  
c a r b o n  f r a m e  o f  t h e  s y s t e m .  T h e s e  d e h y d r o g e n a t i o n  a t t e m p t s  c o n s i s t e d  
o f  h e a t i n g  t h e s e  c o m p o u n d s  i n  s e a l e d  t u b e s  u n d e r  v a c u u m ,  o r  i n  a n  a t ­
m o s p h e r e  o f  n i t r o g e n  o r  a i r ,  w i t h  s e l e n i u m  o r  p a l l a d i u m  c h a r c o a l .  T e m p ­
e r a t u r e s  r a n g i n g  f r o m  2 5 0  -  4 0 0 °  w e r e  e m p l o y e d .  At  t e m p e r a t u r e s  i n  t h e  
350 -  450°  r a n g e  n o  m o r e  t h a n  t r a c e s  o f  o i l y ,  n o n  a r o m a t i c  p r o d u c t s  
c o u l d  b e  o b t a i n e d  f r o m  t h e  p a l l a d i u m - c h a r c o a l ,  o r  s e l e n i u m  m e l t  e v e n  
a f t e r  e x t r a c t i o n s  f o r  e x t e n d e d  p e r i o d s  w i t h  b o i l i n g  e t h e r ,  h e x a n e ,  a c e ­
t o n e ,  o r  b e n z e n e .  A t t e m p t s  t o  d e h y d r o g e n a t e  t h e s e  c o m p o u n d s  a t  l o w e r  
t e m p e r a t u r e s  g a v e  u n a l t e r e d  o r ,  s l i g h t l y  m o d i f i e d  s t a r t i n g  m a t e r i a l .
D i h y d r o m a m m o s i n ,  w h e n  t r e a t e d  w i t h  p a l l a d i u m  c h a r c o a l  f o r  
s e v e r a l  h o u r s  a t  2 5 0 ° ,  w a s  n o t  a f f e c t e d .  W h e n  t h e  t e m p e r a t u r e  w a s  
r a i s e d  t o  3 5 0 ° ,  t h e  o n l y  i s o l a b l e  m a t e r i a l  w a s  i t s  d e h y d r a t i o n  p r o d u c t .
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anhydrodihydromammosin. Mammosin, when t r e a t e d  w i t h  selenium a t  2 5 0 ° ,  
produced a compound having a m e l t in g  p o in t  and i n f r a - r e d  spectrum which  
was s ug g e s t iv e  o f  the  d ih ydro  d e r i v a t i v e .  Treatment  o f  mammosin o r  d i ­
hydromammosin wi th e i t h e r  dehydrogenat ing agent a t  350 -  4 0 0 ° ,  produced 
a few m i l l i g r a m s  o f  o i l  which possessed no a ro m at ic  c h a r a c t e r  in the  
u l t r a - v i o l e t  spectrum before  or  a f t e r  p u r i f i c a t i o n  by chromatography.
P r e l i m i n a r y  i n v e s t i g a t i o n s  o f  two o t h e r  d e g r a d a t iv e  approach­
es were u n f r u i t f u l .  Thus, potassium hydrox ide  fu s io n  o f  the d ih yd ro  de­
r i v a t i v e  a t  250°  gave an in s ep arab le  m ix tu re  o f  a c i d i c  products having  
an i n f r a - r e d  spectrum s i m i l a r  to  th e  ac id  ob ta in e d  on h y d r o l y s i s  o f  d i ­
hydromammosin. D i s t i l l a t i o n  o f  th e  d ih yd ro  d e r i v a t i v e  from powdered 
z i n c  gave no i s o l a b l e  products .
The f a i l u r e  o f  the mammosin system to produce a ro m a t ic  r e ­
s idues  and the  c o n s i s t e n t  loss o f  m a t e r i a l ,  presumably as v o l a t i l e  f i s ­
sion  p roducts ,  under the dehydrogenat ion c o n d i t io n s  aga in  suggests the  
presence o f  a Targe r in g  or  s t r a i g h t  c h a i n .  E i t h e r  would be expected  
t o  fragment b e fo re  c y c l i z i n g  and dehyd ro gen at ing .
Concerning the Carbon Nucleus o f  Mammosin 
For the purpose o f  d e te rm in in g  the number o f  p o s s i b l e  r in g s  
In mammosin i t  is convenien t  to  consider  th e  molecu le  as a s a t u r a t e d  
s t r a i g h t  c h a in  hydrocarbon,  Removal o f  the  two hydrogens f o r
each o f  the proposed two double bonds and f o u r  hydrogens f o r  the  l a c ­
tone i n d ic a t e s  t h a t  two r i n g s ,  c a r b o c y c l i c  or  oxygen b e a r in g ,  must 
e x i s t  to  account f o r  the missing fo u r  hydrogens.  For reasons s t a t e d  
in  th e  d isc u ss io n  o f  the e t h e r  f u n c t i o n ,  one o f  the  r in gs  may reasonably
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be assigned a 5 -,  o r  6 -  membered c y c l i c  e t h e r  s t r u c t u r e .  Since mammosin 
is found to g iv e  a t  l e a s t  t h r e e  carbon-methyl  groups on a n a l y s i s ,  and 
since  a t  l e a s t  t h r e e  o f  the carbon atoms which compose the  la c to n e  group 
must be e x t e r n a l  to  an o th er  r in g  or  cha in  system in o rd e r  to  g iv e  a 
Cj y ketone on o x i d a t i o n ,  then the  remain ing  nine or  ten atoms must com­
pose o r  be a s s o c ia te d  w i t h  the remaining  r i n g .  In view o f  the  d i f f i ­
c u l t i e s  encountered  in the  dehydrogenat ion a t tempts  and the  evidence  
f o r  c le avage  o f  mammosin to  much s m a l le r  f ragments w i t h  o z o n a l y s i s ,  the  
proposal  o f  such a macro r i n g  does not  seem unreasonable.  Furthermore ,  
r in g s  o f  t h i s  type  have been shown to  e x i s t  in te rpene  systems ( 2 0 , 2 1 , 2 2 ) ,  
a l th o u g h  they a r e  much less  f r e q u e n t l y  encountered  than hydronapthalene  
o r  hydroazu lene  s k e le t o n s .
The v a r io u s  r e a c t i o n s  which have been performed w i t h  mammosin 
and dihydromammosin are  summarized in the f o l l o w i n g  diagram.
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PART I [
SUMMARY
The fo l lowing  ob se rv a t io n s  can be made about mammosin and 
dihydromammosin from Information gained In the va r ious  chemical t r a n s ­
fo rmat ions  d e sc r ib e d  In t h i s  work. Mammosin Is a d i t e rp e n e  lac tone  
having one o f  t h r e e  p o s s ib l e  methyl groups o ( to  the  lac tone  carbonyl 
group. Reduction o f  one a c t i v e  double bond a t  a tmospher ic  p re s su re  
g iv e s  dihydromammosin In which a remaining double bond Is conjugated  
w i th  the  l a c tone  carbonyl group. A t e r t i a r y  hydroxyl group can be 
e l im in a te d  from the  dIhydro d e r i v a t i v e  by hot ac id  t rea tm en t  to  give 
an anhydrodI hydro d e r i v a t i v e  which shows the  presence o f  e x ten s iv e  
con juga t ion  In the  u l t r a - v i o l e t  reg ion .  Because o f  t h i s  con jugat ion  
upon e l i m i n a t i o n ,  th e  hydroxyl group can be t e n t a t i v e l y  placed four 
carbons from the la c to n e  carbonyl .  A fou r th  oxygen, because o f  I t s  
In e r tn e s s ,  I s  p laced  In an e th e r  l inkage which Is reasonably a 5- or 
6-  membered c y c l i c  s t r u c t u r e  such as a t e t r a h y d ro fu r a n ,  or  pyran.  
l i a b i l i t y  to  o b t a in  a romat ic  r e s id u es  and ex tens ive  f ragmenta tion  
dur ing  dehydrogenation ,  along with  fo rmation of sm al le r  fragments 
dur ing  ozo n o ly s i s  o f  mammosin Ind ica te  a la rge  r ing  o r  s t r a i g h t  
cha in  to  be the  nucleus  o f  the system. This  r ing or. chain  Is sees  
t o  be necessa ry  when a molecule ^20^30^4'  having only  th r e e  r ing  systems
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p o s s ib l e ,  Is considered  to  ^ave a acro'na a  s  a  ic ##l 
p r e s e n t .
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p o ss ib le ,  Is  considered to  have a .actone and a c y c l i c  e t h e r  s t r u c t u r e
p r e s e n t .
PART 1!
EXPERIMENTAL
All melting po in ts  are  uncorrected.  The alumina used in chro­
matography was Merck (Darmstadt),  active n e u t r a l .  Carbon-methyl, ac t ive  
hydrogen, and elemental analyses were performed by the Alfred Bernhardt 
Labora to r ies ,  Mulheim, Germany. The Infra -red  spec tra  were obtained 
by scanning chloroform so lu t io n s  o f  the m a te r ia ls  using the  Perkin Elmer 
Model 21, . spectrophotometer;  the u l t r a - v i o l e t  spec t ra ,  unless  otherwise 
s ta t ed ,  were obta ined by use of  cyclohexane so lu t ions  In 0.1 cm. c e l l s  
with the  Beckman, DK-1. The nuclear magnetic resonance spec tra  were 
kindly ob ta ined  by Dr. C. Boozer, Emory Univers i ty ,^  on a Varlan 40 
megacycle Instrument. Crude mammosin was most generously provided by 
Dr. Leon Clereszko, Univers ity  of  Oklahoma.
P u r i f i c a t i o n  of  Mammosin. — Crude mammosin, obtained from the 
pentane e x t r a c t s  of Eunlcea Mammosa cortex. Is most conveniently separ­
a ted  from pigmented contaminants by chromatography.
A so lu t io n  of 24.4 g. of  the dark orange s o l id  In 300 ml. of 
benzene was placed on ja 15 by 1 1/2" F lo r l s l l  column and e lu ted  with 
benzene. D i s t i l l a t i o n  o f  the solvent and t r i t u r a t i o n  of the re su l t ing  
s o l id  gave 17.3 g. of white dense powder, m.p. 153-155. Mammosin in 
t h i s  s t a t e  of pu r i ty  was used In the react ions  reported .  An analy t ica l
4 7
48
_ C v l 2 7spec Imen, m.p. 1 5 4 - 1 5 5 . - 8 9 . 4 °  (0.75,  CHCl^), was obtained 
a f t e r  several  r e c r y s t a l l i z a t i o n s  from 3:1 hexane, benzene so lu t ion .
Anal. Calculated m.w. for CggH^QO^: 334. Found by the Rast 
method (Bernhardt);  344; and with a Mechrolab, "Osmometer": 341. Calcu­
la ted  fo r  one a c t iv e  hydrogen: 0.30%. Found: 0.28%, Calculated for
two C-methyl: 8.80%. Found: 9.63  and 9.93%. Calculated for C2oH30^4'
C, 71.82; H, 9 .04; 0, 19-14. Found: C, 71.69, 71.60; H, 9 .02,  9-10:
0, 19. 26 . The in f r a - red  spectrum showed maxima a t  3450, 1760, 1660, 
1450, 1380, 1300, 1100, 919 , 895, 866 and 837 cm." ' .  The u l t r a - v i o l e t  
spectrum gave a maximum a t  I85 m^,£4.6 x 10^. NMR s igna ls  a t :  8.92,
8 . 26, 8 .06 , 7 .82 , 7 . 17, 6 .86,  6 .65 , 5.44,  5 . 20 , 4.98 ,  4.80,  4.65, 4.10,  
3 . 5OT .
Attempted Hydroxyl D e r iv a t iv es . — Mammosin fa i l e d  to give 
d e r iv a t iv e s  when t r e a te d  with phenyl isocyanate or a ce t ic  acid in py r i ­
dine a t  room temperature or 100°. No p r e c i p i t a t e  could be obtained from 
treatment of mammosin with p-phenylazophenylisocyanate In hot benzene. 
Mammosin was recovered a f t e r  b r i e f ly  heating and standing 3 days with 
p-to luenesu lfonyl ch lo r ide  In 1:1 pyr id ine,  benzene so lu t ion ,  m.p. 
146-153.
Acéty la t ion  of Mammosin. — To 0.400 g. ( I .50 m moles) of 
mammosin was added 2.00 ml. o f  an ace ty la t ing  reagent composed of 2.0 
ml. o f  70% p e rch lo r ic  ac id ,  25 ml. of  a c e t i c  anhydride, and 75 ml. of 
ethyl a ce ta t e  (5.17 N In hydrogen Ion a f t e r  hydro lysis )  made according 
to the d i r e c t io n s  of F r i t z  and Schenk ( l i ) .  After standing 1 hour, the
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so lu t ion  was hydrolyzed with 10 ml. o f  3:1 pyr id ine ,  water so lu t ion  and 
t i t r a t e d  with 0.485 N methanolic sodium hydroxide, using 1:1 c re so l -  
red,  thymol-blue as  the in d ic a to r .  The so lu t ion  required 16.23 ml. 
ind ica ting  th a t  2.02 sq.  o f  acetyl  per mole of mammosin were consumed. 
Mammosin, t r e a te d  for 7 hours in t h i s  manner consumed 2.74 eq.  of  acetyl  
per mole.
Acéty la t ion  of Dihydromammosin. — Dihydromammosin (0.300 g ., 
0.875 m mole) with 3 00 ml. of  the ace ty la t ing  so lu t ion  for 1 1/2 hours, 
consumed 0.27 eq. of  a ce ty l .  The pyrid ine,  water so lu tion deposited 
0.12 g. of  yellow s o l id  a f t e r  standing 18 days. This was re c ry s t a l l i z e d  
several times from aqueous ethanol to give 50 mg. of  dihydromammosin 
acetate, ,  m.p. 191-192.5.
Anal . Calculated for ^S-Sl; H, 9.05; 0, 21.41.
Found; C, 69.03; H, 8.91; 0, 21.31.
Attempted Reaction of  Dihydromammosin with Chromium Tr iox ide . 
— Dihydromammosin, m.p. 177-179°, was allowed to stand for 24 hours at  
room temperature with 1.0 g. of chromium t r io x id e  in 15 ml. of pyridine.  
The mixture was then poured into water and ex t rac ted  with e ther ;  the 
e ther was washed with d i lu t e  hydrochlor ic  ac id ,  then water,  and dr ied .  
Evaporation of  the solvent gave 0.18 g. of so l id ,  m.p. 175-178°. This 
material  had an in f ra - red  spectrum identical  with th a t  of dihydromam­
mosin and a mixed melting poin t with the dihydro d e r iva t ive  was not 
depressed; m.m.p. 177° .
Hydrolysis o f  Mammosin with Sodium Bicarbonate . — Mammosin,
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0.10 g . ,  was heated for 6 hours in 30 ml. o f  5% sodium bicarbonate  solu­
tion conta in ing  enough ethanol to make the so lu t ion  homogeneous. After 
cooling,  the c l e a r  so lu t ion  was ex t rac ted  with e the r  and the  e th e r  d i s ­
t i l l e d  to give 0.03 g • o f  o i l .  Acidi f i c a t  ion o f  the  a lk a l in e  so lu t ion  
with conc.  hydrochlor ic  acid  gave 0.05 g. o f  so l id ,  m.p. 142-148. The 
melting point with mammosin, m.p. 152-154, was 149-154.
Hydrolysis of Mammosin with Sodium Hydroxide. — (1) Mammosin, 
0.09 g . was d is solved in 10 ml. o f  1.2 N e thanol ic  sodium hydroxide and 
the re su l t ing  yellow so lu t ion  allowed to  stand 1 hour a t  room tempera­
ture .  A c id i f ic a t io n  of the so lu t ion  with hydrochloric  acid  gave an in­
t r ac tab le  so l id .  The in f r a - red  spec tra  of so l id s  obta ined from s im i la r  
treatment of mammosin a re  iden t ica l  with tha t  of  mammosin.
(2) To 50 ml. of  1.2 N methanolic sodium hydroxide was added 
1.00 g. of mammosin and the r e s u l t in g  so lu t ion  refluxed for 6 hours.
Slow addit ion  of hydrochloric  acid  to a phenolphthalein endpoint,  followed 
by ether  e x t r a c t i o n  gave 0.32 g. of  fro thy  so l id ,  s in te r in g  a t  60°, the 
remaining materia l  was recovered upon fu r th e r  a c i d i f i c a t i o n .  Chromato­
graphy of  the combined mate r ia l  on a F l o r i s i l  column in benzene gave 
0.53 g. of materia l  m.p. 106-141, in the  second f r a c t io n .  The in f r a ­
red spectrum of  t h i s  materia l  i s  iden t ica l  to mammosin. The remaining 
material was recovered as  an in t r a c t a b l e  o i l .
Attempted Hydrolysis o f  01hydromammosin with Sodium Hydroxide.
— Dihydromammosin, 0.21 g . , was d is so lved  in 16 ml. o f  0.25 N. methanolic 
sodium hydroxide.  After re f lux ing  1 1/2 hours,  water was added and 0.10 
g. of so l id  was f i l t e r e d .  This was Id en t i f i ed  as dihydromammosin by 
melting poin t ,  m.p. 181-182.
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Attempted Hydrolysis of  Dihydromammosin with Sodium Carbonate . 
— Dihydromammosin was recovered,  una l te red ,  a f t e r  treatment with aqueous 
sodium carbonate in b o i l ing  ethanol or  bo i l ing  diglyme (b .p .  160^) for  
20 hours.
Hydrolysis of Dihydromammosin with Sodium Hydroxide. — To 
13 ml. o f  0.77 N methanoiiic sodium hydroxide was added 0.20 g. of dihydro­
mammosin and the r e s u l t in g  so lu t io n  refluxed 5 hours. Water was added 
and the c lea r  so lu t ion  was a c i d i f i e d  to  pH 2 with hydrochloric acid ,  
then ex t rac ted  with e th e r .  D i s t i l l a t i o n  o f  e th e r  gave 0.22 g. of  frothy 
so l id  which read i ly  d is so lves  in d i l u t e  b icarbonate  solution.  This so l id  
(0.622 m mole) was e s t e r  i f i e d  with diazomethane (11.9 m moles) made from 
the reac t ion  of N, N '-d in it roso-N,N '-dimethylterephthalamide  (DuPont, 
EXR-101) with sodium hydroxide (23).  Afte r  decomposition o f  the excess 
diazomethane, the  methyl e s t e r  was ex t rac ted  with ether,  washed, and 
iso la ted  to  give 0.20 g . of  o i l ,  having an e s t e r  carbonyl maximum a t  
1718 cm.” ^. Chromatography o f  t h i s  o i l  on a 13 1/2 by 3/^" F l o r i s i l  
column f a i l e d  to give a  pure substance.
Treatment o f  Mammosin with Potassium Carbonate. — Mammosin, 
0.20 g, was refluxed with 0.25  g. o f  f r esh ly  fused potassium carbonate 
in 15 ml. of dry t e t r a l  in for 5 hours.  The mixture was f i l t e r e d  and 
most of the  solvent d i s t i l l e d .  Chromatography of  the residue on alum­
ina gave a small quan t i ty  of mate ria l  which could not be p u r i f i e d  by 
rec ry s ta l  11zatIon from acetone,  water.
Reduction of Dihydromammosin with Lithium Aluminum Hydride. 
— To 1.5 g. (39 m moles) of l i th ium aluminum hydride in 40 ml. o f
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te trahydrofuran ,  was added 0.50 g. (1.48 m moles) of dihydromammosin 
in 10 ml. of te t rahydrofu ran .  After re f luxing  4 1 / 2  hours,  the mix­
tu re  was cooled and methanol was added un t i l  vigorous react ion  subs i ­
ded. Approximately 25 ml. o f  water was added, then 2 g. o f  f i l t e r  a id  
was s t i r r e d  into the  s lu r ry  to f a c i l i t a t e  f i l t r a t i o n .  After f i l t r a ­
t io n ,  washing the f i l t e r  cake with e th e r ,  and e x t ra c t io n  of  the aqueous 
layer ,  the combined e th e r  por tions  were reduced to  give 0.48 g. o f  so­
l i d  m.p. 167- 187. This material  was r e c ry s t a l l i z e d  th ree  times from 
aqueous ethanol to give a few mill igrams of  dihydromammosin t r i o l ,  
m.p. 205- 206, 5 .
Anal. Calculated for CggHg^O^: C, 70.54; H, 10.66; 0, 18.80.
Found; .. C, 70.39; H, 10.85; 0, 18.82. Calculated for th ree  ac t ive  hy­
drogens: 0.88%. Found: 0.97%.
Q uant i ta t ive  Acéty la tion of  the Mammosin-Lithium Aluminum 
Hydride Product . — Mammosin, O.5O g. was t r ea ted  with excess l i th ium 
aluminum hydride (approx. 1 g . )  in the manner descr ibed above.
A port ion of the  crude product (0.210 g . , 0.617 m mole based 
on the t r i o l  was t r ea ted  for  2 hours with 2.00 ml. of 5* 19 N
ace ty la t ing  reagent (11), as described e a r l i e r .  T i t r a t i o n  of  s a i y le 
and blank with 0.519 N methanolic sodium hydroxide indicated a d i f f e r ­
ence of 4.35 ml. of base, or 2.26 meq. of acetyl  consumed, or 3.64 eq. 
of  acetyl  per mole of  reduction product.
Treatment of  Mammosin with Hydrogen Bromide. — Mammosin 
(0.70  g . , 2.08 m moles) was dissolved in 25 ml. of absolu te  ethanol which 
was sa tura ted with hydrogen bromide. After standing a t  0° for 2 hours.
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t h i s  so lu t ion  was poured into 250 ml. of ice water to  give 0.22 g. of  
m a te r i a l .  The aqueous so lu t ion  deposi ted  an add it ional 0.42 g. a f t e r  
standing a l l  n ight .  The combined materia i  was r e c r y s t a l l i z e d  twice 
from benzene, hexane so lu t ion  a t  a temperature less  than 50°, to  give 
90 mg. of  mater ia l  with m.p. 186-186.5.
Anal. Calculated for 020^31^4 Br; C, 57-80; H, 7-52: 0, 
15-41; Br,  19.25- Found: C, 57-70; H, 7-33; 0, 15-62; Br, 19-69-
in f r a - red  maxima; 3470, 1781.
Treatment of Mammosin with Hydrogen Chlor ide . — Mammosin, 
0.35  9 - ,  was t r e a ted  for 6 hours with 20 ml. of e thanol ,  sa tu ra ted  with 
hydrogen ch lor ide .  D i lu t ion  with water and f i l t r a t i o n  afforded 0.11 g. 
of mammosin hydrochloride,  m.p. 208-209-5,  a f t e r  four r e c r y s t a l l i z a t i o n s  
from aqueous e th a n o l .
Anal. Calculated for Cl ; C, 64.77; H, 8 .42; 0,
17-25- Founds C, 64.48; H, 8 .36; 0, 17-05- in fra- red  maxima; 3580, 
1775 cm. ^(KBr). S l igh t  peak at  1645 cm.~^.
Treatment of  Mammosin with Aqueous Acetic Acid . — To 0.30 
g. of  mammosin was added 10 ml. of 80% a ce t i c  acid  and the r e su l t in g  
s o lu t ion  was heated b r i e f l y  a t  100° and allowed to  stand 19 hours a t  
room temperature- The so lu t ion  was then d i lu ted  with 100 ml. of water 
and ex t rac ted  with e th e r .  After washing with d i lu t e  bicarbonate  and 
water ,  the e ther  was d i s t i l l e d  to give 0.28 g. o f  solid  m.p. 142-147. 
Admixture of  t h i s  materia l  with mammosin did not depress I t s  melting 
po in t .
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This materia l  was t r ea ted  with 10 ml. o f  80% a c e t i c  acid 
containing  5 drops o f  70% perch lo r ic  acid for 5 hours a t  room tempera­
tu re  to give 0.24 g. of m a te r ia l ,  m.p. 142-146. A mixture of  th i s  
materia l  with mammosin did not depress the melting po in t .
Treatment o f  Mammosin with EthanolIc Hydrochloric Acid. — 
Ethanol (15 ml. ) ,  conta in ing  6 drops of concentra ted hydrochloric  acid ,  
was added to 0 .24 g. of mammosin and the  r e s u l t a n t  so lu t ion  was allowed 
to  s t a n d . 10 hours.  This so lu t ion  was heated for 2 minutes,  then poured 
Into cold water which caused the p re c ip i ta t io n  of 0.13 g. of  material  
m.p. 147-150. This materia l  did not depress the melting point of  mam­
mosin.
Treatment of Mammosin with Formic Acid . — Mammosin, 0.13 
g . ,  was heated with 4 ml. of 99% formic acid a t  100° for  30 minutes, 
then allowed to  s tand ,  while cooling,  an add i t iona l  4 hours.  Di lu t ion  
with water and e x t r a c t io n .w i th  e ther gave an o i l  which f a i l e d  to  c r y s t a l ­
l i z e  from aqueous ethanol or hexane. This o i l  had an Inf ra - red  spectrum 
c h a r a c t e r i s t i c  of mammosin except for an addit iona l carbonyl absorption 
a t  1712 cm."^, and the  absence of the I66O cm."V peak.
Treatment o f  Dihydromammosin with Hydrogen Chlor ide . — A 
solu tion of 20 ml. of  95% e thanol ,  which had been s a tu ra ted  with hydro­
gen ch lo r ide ,  and 0.20 g. of dIhydromammosIn was allowed to  stand 1 hour 
a t  toom temperature.  D i lu t ion  with water gave 0.15 g. of  needles,  m.p. 
176- 178, which did not depress the  melting point  of dihydromammosin.
This materia l  was dissolved in  20 ml, of  absolu te  e thanol ,  
which had been s a tu ra ted  with hydrogen c h lo r id e ,  and refluxed 2 hours.
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A d d i t io n  o f  w ater  to the hot  so lu t io n  and c o o l in g  gave 0 .1 3  g. o f  so l id  
m.p. I 78- I 8O, i d e n t i f i e d  as dihydromammosin by th e  m e l t in g  p o in t .
Treatment of Dihydromammosin with Formic Acid. — Dihydro­
mammosin 0.45  g . ,  was t r e a te d  with 10 ml. of 99% formic acid  a t  100° 
for 4 hours. Water was added and the cooled so lu t io n  ex t rac ted  with 
e th e r .  The e th e r  was washed with bicarbonate s o lu t io n ,  d r ied ,  and d is ­
t i l l e d  to  a dark o i l .  After t r i t u r a t i o n  with hexane and four r e c ry s ta l ­
l i z a t i o n s  from aqueous e thanol ,  there  was obtained 50 mg. o f  beige so l id ,  
m.p. 147- 150.
Anal. Calculated for CgoHgQOg: C, 75.43; H, 9.50; 0, 15.02.
Found; C, 75 49; H, 9.41; 0, 15.30. in f ra - red  maxima, 1749, I658, and 
1595 cm."’ .
This compound, anhydrodihydromammosin, was obta ined in simi­
l a r  y ie ld  by t rea tment of dihydromammosin with e th an o l ic  48% hydrobro- 
mic acid a t  100° for 2 hours.
Q uan t i ta t ive  Epoxidation of Mammosin, Mammosin Oxide. — To 
50 ml. of  cold chloroform conta ining 15 meq. of  perbenzoic acid (24), 
was added 0.200 g . of mammosin. The react ion course  was followed by 
adding 2 ml. a l iq u o t s  of t h i s  sample and a blank to  25 ml. port ions  
o f  water, each conta ining 2 g. potassium iodide,  5 ml. o f  chloroform 
and 5 ml. o f  a c e t i c  ac id ,  then t i t r a t i n g  the l i b e r a t e d  iodine with 
0.99  N sodium t h io s u I f a t e  so lu t ion .  The d i f f e r en ce  in volume of th io -  
s u l f a t e  so lu t ion  required by sample and blank indica ted  the consumption 
of  peracld per mole of mammosin to the following; 15 min.-0.75 mole 
of peracld per mole mammosin; 60 min.-O.96 mole; 135 min -O.9 I mole;
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1005 min.*1.1 mole.
To prepare mammosin oxide ,  6 ml, of 2.1 N perbenzoic acid 
so lu tion,was  added to  the 0.50 g. (1.4? m moles) o f  mammosin in 20 ml. 
of  cold chloroform, and the r e s u l t in g  so lu tion  was allowed to stand 
a t  0° for 17 hours.  The solu tion.was then washed with cold 5% sodium 
hydroxide so lu t ion  u n t i l  the.washings gave a negative peracld t e s t  
with potassium iodide.  After drying, the chloroform was d i s t i l l e d  to 
give 0.88 g. o f  tacky res idue .  This was t r i t u r a t e d  w i th .ho t  hexane 
to give a so l id ,  m.p. 151-155. Repeated c r y s t a l l i z a t i o n s  from 3:4  
hexane, benzene so lu t io n s  gave a few mill igrams of pure mammosin 
oxide,  m. p. I88- I 89 , which no longer had the I66O cm."^ peak in the 
Inf ra - red  spectrum.
Anal , Calculated for  CggNggOg: C, 68.54; H, 8.63; 0,
22 .83 . Found; C, 68.43; H, 8.45; 0, 22.58.
Bromlnation of  Mammosin. — To O.5O g. (1.47 m moles) o f  
mammosin In 10 ml. o f  chloroform was added 0.18 g. (1.47 m moles) of 
bromine In 2 ml. of chloroform. The bromine was quickly consumed 
a f t e r  add i t ion  o f  eaçh drop. The addi t ion  of a few excess drops o f  
bromine so lu t ion  gave a p e r s i s t e n t  co lo r .  The so lu t ion  was then 
washed with water,  d r i e d ,  and chloroform d i s t i l l e d  to  give 0.88 g. 
of yellow fro thy  s o l id  which darkened when heated,  and when exposed to 
l i g h t .  Attempts to  r ec ry s ta l  11ze t h i s  so l id  from aqueous ethanol were 
not su c c e s s fu l .
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Hydrogenat ion o f  Mammosin 
P a l la d iu m - c h a r c o a l , Atmospheric Press u re . —  Mammosin, 5.00 
9 . ,  in 50 ml.  o f  ethanol  was hydrogenated a t  atmospheric pressure with  
.0.75 g. o f  5% pal ladiurn-charcoal  u n t i l  the uptake o f  hydrogen ceased.
A t o t a l  o f  398 cc.  (ambient)  o f  hydrogen were consumed. The t h e o r e t i ­
cal uptake f o r  one double bond in mammosin was 351 cc.  F i l t r a t i o n  and 
evapora t ion  o f  so lvent  gave 5.17 g. o f  wh ite  sol id ,  m.p, 175-178. This  
was r e c r y s t a l l i z e d  from aqueous ethanol to  give  4 . 5 4  g . o f  dihydromam­
mosin, m.p. 178- 180. A second crop a f fo rd ed  0.42 g. o f  m a te r ia l  m.p. 
166- 171. Subsequent r e c r y s t a l l i z a t i o n  o f  a p o r t io n  o f  the main crop 
gave m a t e r i a l ,  m.p. 182-183 .
A n a l . C a lc u la ted  f o r  CggH^gO^: C, 71.39; H, 9.59; 0, 19.02.
Found: C, 71.42; H, 9 .43; 0 ,19.17.  The in f ra - red  spectrum showed
maxima a t  3047, 1760, I69O, 1385, 1092, and IO38 cm.” ' .  The u l t r a ­
il
v i o l e t  spectrum showed a maximum a t  220 mp , 6  2 x 10 .
Pal lad lum-charcoal, 35 pounds. Mammosin, 2,85 g . , was hydro­
genated with 0.3  g. o f  5% palladlum-charcoal a t  35 pounds p ressure .  F i l ­
t r a t i o n  and evaporation of  the solvent gave 2.85 g. of  tacky so l id  which 
was chromatographed on a 16 by 3/4" alumina column with 50% benzene, 
e the r  so lven t .  F rac tion 17, 250 ml. ,  gave 0.25 g. m.p. 183-184,. i d e n t i ­
f ied  by melting point as  dihydromammosin. Fract ion 18, 250 ml. gave 0.28 
g . ,  m.p, 182- 183, Iden t i f i ed  by melting point  as the dihydro de r iva t ive ,  
a l so .  The melting po in ts  of the  subsequent f r ac t io n s  decreased to 168°, 
In f r a c t io n  21, a f t e r  which no o ther so l id  was obta ined.
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Pla t!num-charcoa l, 44 pounds. — Mammosin, O.5O g . , in 30 
ml. of  a c e t i c  acid  was hydrogenated a t  44 pounds for 25 hours with 0.5 
g . of  5% platinum-charcoal  to give 0.4? g. o f  m a te r ia l ,  m.p. 146-158 
a f t e r  the  usual work up. R ec ry s ta l l i z a t io n  o f  t h i s  material  from 
aqueous ethanol gave 0.12 g. of so l id ,  m . p . 181-184, which does not de­
press  the  melting poin t of dihydromammosin. Hydrogenation of  t h i s  ma­
t e r i a l  with platinum-charcoal in a c e t i c  ac id ,  fo r  13 hours a t  30 pounds 
gave O.O9 g. o f  s o l id ,  m.p. I86- I 89 , a f t e r  one r e c r y s t a l l i z a t i o n  from 
aqueous e thano l .  Another s im i la r  r e c r y s t a l l i z a t i o n  gave a few mil l igrams 
of  isodihydromammosin, m.p. 191-192.
Pla tinum-charcoal,  1000 pounds. — Mammosin, O.5O g . ,  in 25 
ml. of  a c e t i c  ac id  was hydrogenated with 0 .4  g . of 5% platinum-charcoal 
fo r  7 hours a t  1000 pounds. After separa t ion  from the c a ta ly s t  and s o l ­
vent;  the  product was chromatographed on a 16 x 3/4" alumina column with 
benzene. Fraction 7, 1:1, gave 0.11 g. of materia l  which was r e c r y s t a l -  
l lzed twice from hexane to give 50 mg. o f  needles ,  m.p. 193-194.
Anal. Calcula ted for ^20^i2^k‘ 71 39; H, 9.59; 0, 19 02.
Found: C, 71.36, 71.47; H, 9.43,  9 .50; 0, 18.96. 86.5  (0.406,
CHClj). The in f r a - red  spectrum is identical  with dihydromammosin, m.p. 
182-183.
Pa llad lum-charcoal. 1000 pounds. — Mammosin, O.3O g . , was 
hydrogenated a t  1100.pounds for 23 hours with 0 .3  g. o f  5% palladlum- 
charcoal In 30 ml. o f  e thanol .  F i l t r a t i o n  and d i s t i l l a t i o n  of  solvent  
gave 0.31 g. of  f ro thy  so l id  which was d is so lved  in 25 ml. of 5% sodium 
carbonate and s u f f i c i e n t  ethanol to make the so lu t ion  homogeneous. Afte r
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heat ing 20 minutes,  the soiiution was ex t rac ted  with e ther  to give 0.26 
g. of so l id  upon evaporat ion.  Two r e c r y s t a l Ï iza t ions  from aqueous e tha ­
nol gave a few mill igrams of m a te r i a l ,  m.p. 166-174. A c id i f ic a t io n  of 
the  bicarbonate  : so lu t  I on gave a small quan t i ty  of m ate r ia l ,  m.p. 119“
120. The in f r a - red  spectrum of mate ria l  obtained in a s im i la r  fashion, 
m.p. 108-109.5» shows maxima, 3430 and 1738 cm.
Hydrogenation of Dihydromammosin 
Plat inum-charcoal ,  40 pounds. — Dihydromammosin, 0.25 g ., 
in 25 ml. of  a c e t i c  acid was hydrogenated with 0.2 g . of 5% platinum- 
charcoal at  40 pounds for 9 hours. F i l t r a t i o n  and evaporation of the  
so lu t ion  gave materia l  which was id e n t i f i e d  as dihydromammosin by melting 
poin t 179-181.
pla tinum-charcoal ,  l&OO pounds. — Dihydromammosin, 0.20 
g . ,  was hydrogenated in 20 ml. o f  a c e t i c  acid with 0.2  g. of 5% p l a t i ­
num-charcoal at  1300 pounds fo r  20 hours.  F i l t r a t i o n  and d i s t i l l a t i o n  
o f  the solvent gave 0.20 g. o f  m a te r i a l ,  m.p. I6O-I7O. R e c ry s ta l l i z a ­
t io n  of  t h i s  materia l  from aqueous ethanol gave 0.15 g. of materia l  
i d e n t i f i e d  by i t s  melting point as dihydromammosin,. m.p. 175-179.
Attempted Dehydrogenations 
Dihydromammosin, pal lad ium-charcoal. — Dihydromammosin,
0.30  g . ,  was thoroughly mixed with 0 .6  g. o f  10% palladlum-charcoal and 
sea led  in a 10 x 3/4" g lass  tube .  This was heated 12 hours a t  210-220; 
the  res idue was then removed and leached several  times with e th e r  to  
give materia l  which s in te red  a t  175°. This was re c ry s t a l l i z e d  from
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aqueous ethanol to give 0 .2  g. of  m a te r ia l ,  m.p. 180-182. This did 
not depress the  melting po in t  of dihydromammosin.
Mammosin. Selenium. — Mammosin, 0.75 9- was mixed with 1.50 
g. o f  powdered selenium and heated in a sealed tube a t  250-260° for  22 
hours.  The melt was t r i t u r a t e d  with benzene to give 0.75 g. of dark o i l  
which was chromatographed on a 7 x 3A"  alumina column with benzene. 
Fraction 1, 250 m l , ,  gave 0.23 g. of  o i l  which had u l t r a - v i o l e t  maxima 
a t  295 and 220 mjiil, and an Inf ra- red  spectrum s im ila r  to  t h a t  of anhydro- 
dihydromammosin. Frac tion 6,  500 ml, gave 80 mg. of m a te r i a l ,  m.p. 152- 
170, which could not be f u r th e r  p u r i f i ed .
Dihydromammosin. palladium-charcoal. — Dihydromammosin 0.25 
g . ,  was mixed w i t h . 1.0 g. o f  10% palladlum-charcoal and heated a t  300- 
350° a t  25 mm. pressure  for  4 hours. The res idue  was e x t rac ted  with 
benzene in a Balley-Walker apparatus  for 2 hours to  give 10 mg. o f  o i l  
which showed broad peaks a t  330 and 240 (end absorpt ion)  m)i in the  
u l t r a - v i o l e t  spectrum (Beckman DU, in e thanol ) .  In f ra - red  spec t ra  o f  
s im i la r ly  obta ined mater ia l  has maxima a t  1702, 1463, and 1380 cm.~^.
Dihydromammosin. Selenium. — Dihydromammosin, 0.20 g . ,  was 
mixed with 2.0 g. of powdered selenium and heated a t  360° for 17 hours In 
a tube sealed under vacuum. The tube and contents  were cooled,  crushed, 
and ex t rac ted  continuously for 3 hours with benzene to  give 80 mg. of 
dark o i l .  This o i l  wa^ g combined with 0.17 g. of o i l  ob ta ined  from the 
react ion  of 0.30 g. of  dihydromammosin with 0.3 g. selenium a t  275-285° 
fo r  13 hours,  and chromatographed on alumina with benzene. Frac t ions  
3, 4,  5, and 6, each 600 m l . ,  were combined to  give 0.17 g.  of o i l
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which had peaks a t  300 and 220 mp in the u l t r a - v i o l e t  spectrum (Beckman 
DU, in .e th an o l ) .  In f ra - red  maxima at  1750, 1660, and 1600 cm.” ' .  No 
p r e c i p i t a t e  was obta ined when th i s  o il  was t r e a t e d  with 3 ml. of ethanol 
sa tu ra ted  with t r i n i t ro b e n ze n e .
Ozonolysis
Ozonolysis of Mammosin. — A stream o f  oxygen, containing 8% 
ozone by weight, was passed a t  50 cc.  per minute for 1 1 / 2  hours through 
a so lu t ion  of 1.00 g . (2.99 m moles) of  mammosin in 35 ml. of  chloroform. 
The so lu t ion  was cooled with tap water throughout the ozoniza t ion .  The 
chloroform was d i s t i l l e d  under vacuum so t h a t  the  temperature remained 
less  than 50°. When nearly a ll  the solvent had been removed, 50 ml. of 
water was added and the r e su l t in g  mixture d i s t i l l e d  in to  an e thano l ic  
so lu tion of  d i n i trophenylhydrazine.  The p re c ip a te  which was co l lec ted  
was r e c r y s t a l l i z e d  from ethanol to give m a t e r i a l , m.p. 155-160. When 
t h i s  material  was mixed with formaldehyde-dinitrophenylhydrazone, m.p. 
168-169, a melting poin t o f  167-168 was observed. I t s  in f ra - red  spec­
trum was identical  with t h a t  of formaldehyde DNP.
The res idual aqueous phase was ex t rac ted  with e th e r  and the 
e ther  d i s t i l l e d  to  give 0 .4? g. of gel having in f r a - red  maxima a t  l?60 
and 1718 cm. ^ . Several a t tempts  to  rec rys ta l  I i z e  the gel from hexane 
and ethanol were not su cce ss fu l .
Ozonolysis of  Mammosin a t  -80° . — Mammosin (0.50 g . , I .49
m moles) in 50 ml. o f  methylene chloride was ozonized fo r  3 1/2 hours 
a t  -80®. The so lu t ion  was reduced nearly to  dryness,  then 25 ml. of 
25% potassium iodide was added and the re su l t ing  so lu t io n  allowed to
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stand 1 hour. Enough 10% sodium t h io s u l f a t e  was added to  reduce the 
iodine.  Then the so lu tion .was  ex trac ted  with e the r ,  the  e th e r  washed 
with several  po r t ions  o f  water ,  dried and s t r ipped  to  give a n e g l ig ib le  
amount of  o i l .  The combined aqueous layers  were steam d i s t i l l e d  into an 
e th an o l ic  so lu t ion  o f  dimedon without observable formation o f  a p re c ip i ­
t a t e .
Ozonolysis of  Dihydromammosin. — Dihydromammosin, (0.35 g . ,
1.04 m moles) was ozonized in 50 ml. of  methylene ch lor ide  a t  - 80°  for 
2 1/2 hours and t r e a te d  in the manner described above to  give 0.15  9* of
o i l .  This o i l  c r y s t a l l i z e d  a f t e r  standing several  days in aqueous e th a ­
nol.  Several c r y s t a l l i z a t i o n s  from aqueous ethanol gave a few m i l l i ­
grams o f  m a te r i a l ,  m.p. 130-132.
Ana l . Calculated for Cj^HggO^: C, 67.57; H, 9 .93; 0,  22.49.
Found; C, 6 7 .56 ; H, 10.05; 0, 22.69. In f ra - red  maxima a t  3580 and 1724 
cm. * ' .
Steam d i s t i l l a t i o n  of the aqueous phase f a i l e d  to give a pre­
c i p i t a t e  when the  d i s t i l l a t e  was t rea ted  with e thano l ic  d in i t ropheny l -  
hydrazine.  The pot res idue  gave an immediate p r e c i p i t a t e  when t r e a te d  
w i t h . t h i s  reagen t .  However, no pure compounds could be Iso la ted  by 
c r y s t a l l i z a t i o n  of  t h i s  p r e c ip i t a t e .
Oxidation o f  Dihydromammosin with  Potassium Permanganate. —
A so lu t ion  o f  1 g. potassium permanganate in 10 ml. of  water and 50 ml. 
of acetone was added dropwise to 0.25 9 . o f  dihydromammosin in 100 ml. 
of acetone. The so lu t ion  was s t i r r e d  3 hours a t  room temperature;  then 
50 ml. o f  ethanol was added. After standing a l l  n ight,  the suspension
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was f i l t e r e d  and the r e s u l t i n g  s o lu t io n  made basic to pH 9 w i th  d i l u t e  
sodium hydroxide.  Two e t h e r  e x t r a c t io n s  o f  the a l k a l i n e  so lu t io n s  
gave 0 .1 7  g. o f  semi sol id m a t e r i a l .  A c i d i f i c a t i o n  o f  the a l k a l i n e  so­
l u t i o n  and e th e r  e x t r a c t i o n  gave 0 .1 0  g. o f  o i l y  products .
The semiso l id  was leached w i th  hot hexane and the r e s u l t in g  
s o l id  r e c r y s t a l l l z e d  from aqueous ethanol  to  give a few m i l l ig r a m s  o f  
needles,  m.p. 128-130.
A n a l . C a lc u la ted  f o r  CjyHgQO^: C, 68 .42 ;  H, 10 .13;  0 ,  21 .45
Found; C, 68 .03;  H, 10.39;  0 ,  2 1 .88 .  I n f r a - r e d  maxima a t  3410 and 
1712 c m . " ' .
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